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sEcTloN 1

CALIBRATION

1.1 INTRODUCTION

1.1.1 General

The purpose of calibration ís to take account of any
long-term drifts in the components of the instrument and
to restore the accuracy, traceable to a known standard.

The períod between calibrations depends upon the
accuracy performance required from the instrument and for
guidance, guaranteed accuracies ior 24 hours, 90 days and
1 year are quoted.

The calibration procedures presented in the following
pages should cater for most calibration situations. lf, how-
ever, a special problem arises, please contact our Customer
Service Section.

1.1.2 The Essentials for Good Calibration

Temperature - So that the instrument can meet its
specification over the quoted temperature range, the temp-
erature environment should be stabilised at 23oC +1oC.
ln addition, temperature gradients around the instrument
should be considered, therefore calibrate the instrument in
its normal operating position and allow plenty of room for
vent¡lat¡on.

Warm up - lt is essential that the instrument has
fully temperature stabilised if the best results from cali-
bration are to be achieved. Therefore, at least a 2 hour
warm-up period is recommended during which time the
line supply or the covers should not be removed even for a
short period. ln addition, if the covers have been removed,
make certain that they are correctly fitted and that the leaf
contacts to the Earth and Guard Shields are in good shape.

Calibration Source - To perform a useful calibration
the accuracy of the source should always be at least four
times that of the instrument being calibrated. ln most
cases, examples of likely sources are given for each cali-
bration function,

With some calibration sources, the output may take
several seconds to settle to a final value, therefore unless
a shorter settling time is assured, a period of l0 seconds is
recommended before each calibration operation,

Guarding - lt ís preferable to arrange for the DVM
to be calibrated w¡th 'Local Guard'selected. Furthermore
to arrange for the 'Lo'terminal of the DVM to remain at
'earth' throughout and let the calibration source float.
lf a 'Remote Guard' connect¡on ís necessary then examples
are shown in the Operating Manual.

1.1.3 The'AUTOCAL, process

1.1.3.1 General

The Datron 'AUTOCAL, process means that complete
calibration of AC, DC, Ohms and Current on every range
can be carried out from the instruments own front panel.
ln the process, an internal non-volatile memory stores
calibration constants for each function and range as deter-
mined when the instrument takes a series of l6 readings of
the applied calibration source. lnternally, each of the
readings is deviated by one sixteenth of a digit and when

an average is taken, the instrument is able to resolve to
better than one least significant digit displayed.

Access to the non-volatile metnory is gained using
a key inserted into the rear panel. When calibratíon is
complete, the key is removed, therefore preventing acci-
dental or unauthor¡sed use of the calibration rout¡ne.

1.1.3.2 Procedure Outline e

- select the 'FUNCTION', and ,RANGE'to be cali-
brated and cancel any'MODE' or'COMPUTE' buttons.

lnsert rhe key into the 'CALIBRATE ENABLE'
keyswitch on the rear panel and turn to the 'CAL' position.
(The 'cal' legend will be displayed on the front panel.)

lf the instrument is fitted with Option 50 IEEE Bus,
set the rear panel address switch to 31 i.e. all 1's.

- Connect the calibration source to the ¡nput terminals
and operate the keys shown in the tables ín the following
pages. When a 'CALIBRATE' button is operated, its assoc-
iated L.E.D. indicator will light and extinguish when the
calibration operat¡on is executed.

- When all calibratíon is complete turn the keyswitch
to 'RUN'and remove the key.

1.1.3.3 The Five'AUTOCAL' Keys

'Zero' - This takes account of offsets in the instrument
and in the calibratíon source.

'Gain' - This sets a scaling factor for each range and
function.

'lb' - This nulls the input bias current of the DC
voltage measurement circuits to around 1OpA. Therefore
it only has a significant effect on the low DC voltage ranges
and high resistance Ohms ranges. lt can be operated as

often as required and independently of other calibration
operations. lt will be seen that successive operations of 'Ib'
approach the final nulled value of current iteratively.
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'AcHf' ' This flattens the response of the A'C' ampli-

fier used for AC voltage measurement' lt should only be

used when a full calibration i.e' '7ero', 'Gain' and 'AcHf'
is carried out. As with 'lb'the calibration action is iterative

and requires several operations of the key to complete'

'Lin' ' This is an important calibration operation as

it optimises the basic linearity of the internal measurement

circuitry used for all ranges and functions. lt must be used

before any DC voltage or Ohms calibration is carried out'

1.1.3.4'AUTOCAL' usins'KEYBOARD'

This is an extension of the 'AUTOCAL' process

which is useful when using a calibration source set to a

nominal value but with known errors. This means for
example that calibration directly to a standard cell is

possible. A full explanation of the procedure is covered

in section 1.7.

1.1.3.5 'AUTOCAL'over the Bus

Each of the five calibration operations can be control-
led using Option 50, the IEEE bus. This means that the
instrument can be entirely calibrated remotely or under
program control. As mentioned in the 'Procedure Outline'
for a manual calibration, the rear panel address switch
should be set to 31, i.e. all 1's. When a bus calibration is

required the address switch must be set to the address

number assigned to the DVM in the system. More details
of calibration with the bus are included in section 1.8.

1.2 DC VOLTAGE CALIBRATION

1.2.1 General

The procedure in the table opposite is all that is

necessary to completely 'AUTOCAL' the DC voltage
function. Steps 1 and 2 affect the accuracy on all ranges

and should therefore be carried out even if just one range

is being calibrated.

On each range a 'Zero' and 'Gain' calibration is

required for each polarity of input. The two 'Zero'calibrat-
ions are included to overcome a possible zero difference
w¡th the polarity setting of the DC calibration source.

lf the 'DVM Reading After Calibration' is not in
accordancr with the table, repeat operations of the same

'CALIBRATE' key are permissible. Where no tolerance
is shown in this column, only the exact reading quoted
with an occasional least significant digit showing is to be

expected.

1.1.3.6 'Er¡o¡ 4'

lf during calibration 'Error 4' is displayed, this indi-
cates that the Calibration Source deviates too far from the
calibration span of the instrument. Under these circum-
stances, the calibration memory is not updated and the
instrument goes into 'Hold' with the calibration button
calibration key LED remains on.

ln the case of 'Zero', 'Gain' or 'AcHf'the Calibration
Source should be checked and the same 'CALIBRATE'
key repressed. The 'Hold' mode may be released any

time and the instrument will free run again. lf 'Error 4'
follows 'Ib' or 'Lin'or persistently appears following 'Zero',
'Gain' or 'AcHf' then an instrument failure may have

occurred. Therefore either consult our Customer Service

Sectíon or the Servicing Section of this Handbook.

I

1.2.2 Equipment Required

- lMO'Lin'Source. This is a 1MO 5% resistor in
parallel with a 1nF capacitor, shíelded to reduce noise

i nte rfe rence.

- 10MO'Ib'Source' This is a 10MO 5% resistor in

parallel with a 1nF capacitor, shielded to reduce noise

i nte rfe re nce.

Datron products, number 400391 and 400392, are

available as 'Lin' and 'Ib' sources and are recommended.

- A DC Calibration Source. e'g': Datron 4000/40004

Autocal Standard.

1.2.3 Checkíng Accuracy after'AUTOCAL'

To check the accuracy after 'AUTOCAL'the 'Specification

Verification' section of the User's Handbook will be useful;

it provides tables for quick reference of accuracy on all

ranges and functions in displayed digits'

I
[tfr,];,,,', ...:':. . : :" : . :.i. : '

ffii"',,,,' .',,, ,,. :', 
"



3

DC VOLTAGE CALIBRATION

[1] For 10614, lnput Filter increases resolution by I digit - 10614 tolerance given in brackets ( ).

Remarks

This calibration step
may take around 30
seconds to complete

Each subsequent
operation of 'Ib' should

approximately halve
the DVM reading

Wait for the reading
to stabilize before
operating'Zero'

Wait for the reading
to stabilize before
operat¡ng'Zero'

rl
Lethal voltages
present - increase
calibration source
ín 100V steps if
possible

xl
Lethal voltages
present - increase
calibratíon source
in 100V steps if
possible

,CALIBRATE'

Key

DVM Reading
After

Calibration

<10 digits
(<100 disits)

<100 digits

*.0.0000v

+10.0000v

i0.0000v

-10.0000v

L.00000v

+1.00000v

r..00000v

-1.00000v

10.000mV
i.1 digit

+100.000v
t l digit

*.0.000mV
r.1 digit

-100.000vel digit

r0.000v

+100.000v

*0.000v

-100.000v

r.0.00v

+1000.00v

1.0.00v

-1000.00v

'Lin'

,Ib

'Zera'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

DVM
Setting

DC,1
Filter[1]

DC,.1

DC,10

DC,10

DC,10

DC,10

DC,1

DC,1

DC,1

DC,1

DC,.1

DC,.1

DC,.1

DC,.1

DC,100

0C,100

DC,100

DC,100

DC,1000

DC,1000

DC.1000

DC,1000

Calibration
Source
OutPut

lMO Lin
Source

1oMo Ib
Source

+0.0000v

+10.0000v

-0.0000v

-10.0000v

+0.00000v

+1.00000v

-0.00000v

-1.00000v

+0.000mV

+100.000mV

-0.000mV

-100.000mV

+0.000v

+100.000v

-0.000v

-100.000v

+0.00v

+1000.00v

-0.00v

-1000.00v

Calibration
Operation

Linearity

lnput Bias
Cu rre nt

10V Range
Zero

10V Positive
Full Range

10V Range
Tero

10V Negative
Full Range

1V Range
Zero

1V Positive
Full Range

1V Range
Zero

1V Negative
Full Range

lV Ranæ
Zero

1V Positive
Full Range

.1V Range
Zero

1V Negative
Full Range

100V Range
Zero

100V Positive
Full Range

100V Range
Zero

100V Negative
Full Range

1000V Range
Zero

1000V Positive
Full Range

1000V Range
Zero

1000V Negative
Full Range

Step

1

2

3

4

5

b

7

I

I

10

11

12

13

14

15

16

17

18

19

20

21

22
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1.3 OHMS CALIBRATION

1.3.1 General

The procedure in the table opposite is all that is

necessary to completely 'AUTOCAL' the Ohms function'
lf just the Ohms or just one range of the Ohms is to be

calibrated, then steps 1 and 2 in the DC Voltage Calibration
table should be carried out first. Then on each Ohms range

just a 'Zero' and 'Gain' calibration ís required.

lf the 'DVM Reading After Calibration' is not in

accordance with the table, repeat operations of the same

'CALIBRATE' key is permissible to improve the reading'

Where no tolerance is shown in this column, only the exact
reading quoted with an occasional least significant digit
showing is to be expected.

1.3.2 'Ze¡o' Resistance Source

For accurate'Zero'calibration on Ohms it is

ESSENTIAL that a correctly connected zero source is used.

Two arrangements are necessary as shown in Fig. 1.1;

it can be seen that'4 wire Sl'selection is recommended on

all ranges.

1.3.3 Equipment Required

A set of resistance standards from 10Q to 1OMQ in

decades; it is essential that 10Q to 100kO standards are

4 terminal devices. e.g. Datron 4000/40004 Autocal

Standard with Option 20.

1.3.4 Checking Accuracy after 'AUTOCAL'

To check the accuracy after 'AUTOCAL'the 'Speci-

fication Verification' section of the Operating Handbook

will be useful. lt provides tables for quick reference of
accuracy on all ranges and functions in displayed digits.

ç

1MO and lOMnlOft 1o 1O0kn

I-
Lo

\

_\

I+

Hi

I+

H¡

Fis. 1.1 zERO RESISTANCE SOURCE CONNECTIONS

(Local
Guard )-

O Guard

Guard

O Guard

Guard Copper
Shorting

Link
( Local
Guard)-

Lo

I-
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r'

F
OHMS CALIBRATION TABLE

[1] 'Wilh Standard Resistor sourc€s it may be useful to use the ,KEYBOARD' method of calibration - see section î.7
f2l 'For1061 A, lnputfilterincreasesresolutionbyldigit,sol06lAfiguresaregiveninbrackets().

Remarks

Wait for the reading

to stabilize before

operating 'Zero'

Wait for the reading

to stabilize before

operating 'Gain'

DVM Reading
After

Calibration

f.0.0000s¿
t1 disit

10.0000s¿
i.1 digit

*.0.000ç¿

100.000ç¿

+..00000kç¿

1.00000ko

t0.0000ks¿

10.0000ko

f.0.000ko

100.000kQ

+.0.00kç¿
(+0.000kO)

1000.00ko
t1 digit

(1000.000ks¿)
(*10 ¿ig¡ts)

È0.0000Mo
(*0.00000MQ)

10.0000Mo
.t5 digits

(10.00000Ms¿)
(iso disits)

,CALIBRATE'

Key

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

'Zero'

'Gain'

Zero'

'Gain'

Zero'

'Gain'

'Zero'

'Gaín'

DVM

Setting

kO,4 wire, 10O

kO,4 wire, 10O

kO,4 wire, .1

kS},4 wire, .1

kl),4 wire, 1

kO,4 wíre, 1

kO,4 wire, 10

kO,4 wire, 10

kO,4 wire, 100

kO,4 wire, 100

kO,4 wire, 1000
lnput Filterf 2l

kQ,4 wire, 1000
lnput F¡lter[2]

kO,4 wire, 1OMO
lnput Filter[21

kO,4wire,lOMO
lnput Filtert2l

Calibration
Source

4 wire zero

10s¿ [1]
Standard
R esistor

4 wire zero

looo [1]
Standard
Resistor

4 wire zero

lko u1
Standard
Resistor

4 wire zero

loko [1]
Standard
Resistor

4 wire zero

100ko [1]
Standard
Resistor

4 wire zero

1000kç¿ [1]
Standard
Resistor

4 wire zero

1oMO [1]
Standard
Resistor

Calibration
Operation

10Q Range

Zero

10Q Full
Range

.1kQ Range

Zero

lkO Full
Range

1kO Range

Zero

lkQ Full
Range

1OkQ Range

Zero

1OkO Full
Range

100kQ
Range Zero

100ko
Full Range

1000ko
Range Zero

1000ko
Full Range

1OMO Range

Zero

1OMO Full
Range

Step

1

2

3

4

5

6

7

I

9

10

11

12

13

14

; i .r, ,:.,..';'a;.1;,1,. .,,;:-., ¡;..;;:¡.:.
. ., .; j:.j::jr;ji:iìr:::,:,..r,:...... : I :..

': .. .: .. ri j tl'-lr:. i-. : ..- . .l
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1.4 AC VOLTAGE CALIBRATION - OPTION 1O ONLY

1 .4.1 General 1.4.2 Equipment Required

The procedure in the table opposite is all that is

necessary to completely 'AUTOCAL' the AC voltage

function. On each range just a'Zero','Gain' and 'AcHf'
calibration is required.

lf the 'DVM Reading After Calibration' is not in
accordance with the table, repeat operation of the same

'CALIBRATE' key is permissible to improve the readings'

This will be necessary with the AcHf key.

A copper shorting link and an AC calibration source

e.g. Datron 4200 Autocal AC Standard.

1.4.3 Checking Accuracy after'AUTOCAL'

To check the accuracy after 'AUTOCAL'the 'Speci-

fication Verification' section of the Operating Handbook

will be useful. lt provides tables for quick reference of
accuracy on all ranges and functions ín displayed digits.

I



AC VOLTAGE CALIBRATION TABLE (OPTION 1O ONLY)

7

'.::!-. |':

fi;',

lx

t?

i.T

s
iT

:

iä

t?

Ë

i?

r3

i?

j¡
¡:
¡

Ë
¡
4

É
¿t

tl
L

rl
l
I

tl
Ê

rt

Remarks

Set'Local Guard'. Do

not set 'lnput filter'.
Wait for readíng to

stabilize before
operating 'Zero'

Select 'lnput filter'
for remaining steps

rl
Lethal voltage
present. - increase

calibration source
in 100V steps if
possible

4
Lethal voltage
present - increase
calibration source
in 100V steps if
possible. DO
NOT EXCEED
25kHz

DVM Reading
After

Calibration

0.000mV
f.3 digits

< 100 digits

.00000v
*.l digít

0.0000v
*.1 disit

0.000v
L1 digit

0.00v
*.1 digit

10.0000v
*.1 disit

10.0000v
*.5 digits

1.00000v
Í.1 digit

1.00000v
*.5 digits

100.000mV
t2 disits

100.000mV
*.5 disits

100.000v
L1 disit

't00.000v
r.5 digíts

1000.00v
t 1 digit

1000.00v
f.5 dígits

,CALIBRATE'

Key

'ZeÍo'

Check only

'Zero'

'7ero'

'Zero'

'Zero'

'Gain'

'AcHf'

'Gain'

'AcHf'

'Gain'

'AcHf'

'Gain'

'AcHf'

'Gain'

'AcHf'

DVM
Setting

AC,DC,.1

AC,.l

AC,1

AC,10

AC,r00

AC,1000

AC,10
lnput Filter

AC, 10
lnput filter

AC,1
lnput filter

AC,1
lnput filter

4C,.1
lnput filter

4C,.1
lnput filter

4C,100
lnput filter

4C,100
lnput filter

4C,1000
lnput f ilter

4C,1000
lnput filter

Calibration
Source
OutPut

CopPer
Shorting link

CoPPer
Shorting link

Copper
Shortíng link

Copper
Shorting link

Copper
Shorting link

Copper
Shorting link

10V rms
500 Hz

I

10V rms
30 kHz

1V rms
500H2

lV rms
30 kHz

.1V rms
500 Hz

.1V rms
30 kHz

100V rms
500 Hz

100V rms
30 kHz

1000V rms
500 Hz

1000V rms
2OKHz

Calibration
Operation

DC coupled
ACZero

.1V Range
Zero

1V Range

Zero

10V Range
Zero

100V Range
Zero

1000V Range
Zero

10V Full
Range LF

10V Full
Range HF

1V Full
Range LF

1V Full
Range HF

.1V Full
Range LF

.1V Full
Range HF

100V Full
Range LF

100V Full
Range HF

1000V Full
Range LF

1000V Full
Range HF

Step

1

2

3

4

5

6

7

8

10

11

12

13

14

15

16

. .l t r: ,:, ,.-, ,,, ': ,.,. ,-,,.. . .: .::. t. . 
:
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1.4.4 General

The procedure in the table opposite is all that is

necessary to completely 'AUTOCAL', the AC voltage

function. On each ,rng. ¡rrt a 'Zero' ,'Gain' and 'AcHf'
calibration is required.

lf the 'DVM Reading After Calibration' is not in
accordance with the table, repeat operation of the same

'CALIBRATE' key is permissible to improve the readings'

This rryill be necessary with the AcHf key.

Note: To reduce the effect of noise at low input levels' AC

zero calibration is carried out at 0.1% Range; and for

100mV Range zero (steps 1 & 2 of the table), Guard is

connected to Lo using a copper shorting link'

!

7A

1.4 AC VOLTAGE CALIBRATION - 10614 OPTION 12 ONLY

1.4.5 Equipment Required

A copper shorting link and an AC calibration source

e.g. Datron 4200 Autocal AC Standard.

1.4.6 Checking Accuracy after'AUTOCAL'

To check the accuracy after'AUTOCAL'the 'Specif'
ication Verification' sect¡on of the User's Handbook can

be employed. lt describes the use of 'Spec' mode to verify

the accuracy of the instrument, also providing a report

sheet 'master copy' for compilation of permanent records'

o

I
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AC VOLTAGE CALIBRATION TABLE (10614 OPT]ON 12 ONLY}

Remarks

Set'Local Guard'.
Do not set filter in'
Wait for reading to

stabilize before
operating'Zero'

rl
Lethal voltage
present - increase
calibration source
in 100v steps if
possible

rt
Lethal voltage
present - increase
calibration source
in 100V steps if
possible. DO
NOT EXCEED
25kHz

DVM Reading
After

Calibration

0.100mV
*10 digits

( 100 disits

0.00100v
*1 digit

0.010,0v
*1 disit

0.100v
*1 digit

1.00v
tl digit

10.000,0v
+1 digit

10.000,0v
*10 digits

r.000,00v
t1 digit

1.000,00v
110 disits

100.000mV
*2 digits

100.000mV
È10 digits

100.000v
*1 digit

100.000v
tl0 digits

500.00v
È1 digit

500.00v
*15 digits

,CALIBRATE'
Key

'Zero'

Check only

'Zeto'

'Zero'

'Zero'

'Zero'

'Gain'

'AcHf'

'Gain'

'AcHf'

'Gain'

'AcHf'

'3ain'

'AcHf'

,KEYBOARD SOOV'
'Gain'

,KEYBOARD 5
'AcHf'

00v'l

DVM
Setting

AC,DC,.1

AC,.1

AC,1

AC,10

AC,100

4C,1000

AC,10

AC,10

AC,1

AC,1

AC,. 1

AC,.1

AC,100

AC,100

AC,1000

AC,1000

Calibration
Source
OutPut

0.100mV
500H2

(short Guard
to Lo)

Short Hi to
Lo to Guard

0.00100v
500H2

0.0100v
500H2

0.100v
500H2

1.00v
500H2

10V rms
500H2

10V rms
30KHz

1V rms
500H2

1V rms
30kHz

1V rms
500H2

1V rms
30kHz

100V rms
500H2

100V rms
30kHz

500V rms
500H2

500V rms
20kHz

Calibration
Operation

DC coupled
AC Zero

.1V Range
Zero

1V Range
Zero

10V Range
Zero

100V Range
Zero

1000V Range
Zero

10V Full
R¿¡se LF

10V Full
Range HF

1V Full
Range LF

1V Full
Range HF

.1V Full
Range LF

.1V Full
Range HF

100V Full
Range LF

100V Full
Range HF

lOOOV LF
Range Gain

lOOOV HF
Range Gain

Step

1

2

3

4

5

6

7

I

I

10

11

12

13

14

15

16

il

p

F

I

I

n

I

a
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1.5 DC CURRENT CALIBRATION
(No DC Current facility if Option l2 is fittedl

1.5.1 General 1.5.2 Equipment Required

A DC Current calibration source.
40004 Autocal Standard with Option 20.

e.g. Datron 4000/The procedure in the table below shows all that is

necessary to completely 'AUTOCAL' the DC Current
function. lf just the DC Current or just one range of DC

Current is to be calibrated, then step 11 lo 14 of the DC

Voltage Calibration table should be carried out first'
Then on each DC Current range iust a 'Zero' and 'Gain'
calibration is required.

lf the 'DVM Reading After Calibration' is not in

accordance with the table then repeat operation of the

same 'CALIBRATE' key is permissible to improve the

reading. Where no tolerance is shown in this column, only

the exact reading quoted with an occasional least signif icant

digit showing is to be expected.

1.5.3 Checking Accuracy after'AUTOCAL'

To check the accuracy after 'AUTOCAL'the 'Speci-

fícation Verification' section of the Operating Handbook

will be useful. lt provides tables for quick reference of

accuracy on all ranges and functions in displayed digits'

DC CURRENT CAL]BRATION TABLE

Remarks

Do not select
'lnput filter'

DVM Reading
After

Calibration

*.0.000¡tA
È1 digit

+100.000¡¿A
*.2 digits

t.00000m4
*.1 digit

+1.00000m4
12 digits

*.0.0000m4
a.1 digit

+10.0000mA

*,0.000m4

+100.000m4

*.0.00m4

+1000.00m4

,CALIBRATE'

Key

'Zero'

'Gain'

'Zero'

'Gain'

Tero'

'Gain'

'Zero' ,

'Gain'

'Zero'

'Gain'

DVM
Setting

DC,I,.1

DC.I,.1

DC.I,1

DC,I,1

DC,I,1O

DC,I,1O

DCJ,100

DC,I,100

DC,1,1000

DC,I,1000

Calibration
Source
OutPut

0.000¡rA

+100.000¡rA

0.00000m4

+1.00000m4

0.0000m4

+ i 0.0000m4

0.000m4

+100.000m4

0.00m4

1000m4
Full Ranç

I

+1000.00mA

Calibration
Operation

1mA Ranç
Zero

1mA Full
Range

1mA Range
Zero

lmA Full
Range

1OmA Range
Zero

1OmA Full
Range

100m4 Range
Zero

100m4 Full
Range

1000m4
Range Zero

c.
ÞÎep

1

2

3

4

5

6

7

I

I

10
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1.6 AC CURRENT CALIBRATION
(ln conjunction with Option l0 only)

1.6.1 General

The procedure in the table below shows all that is

required to completely 'AUTOCAL' the AC Current
function. lf just the AC Current or just one range of AC
Current is to be calibrated, then steps 1,2, 11& 12 of the
Option 10 AC Voltage Calibration table must be carried out
first. Then on each range just a'Zero'and 'Gain'calibration
is required.

lf the 'DVM Reading After Calibration' is not in
accordance with the table then repeat operations of the
same 'CALIBRATE' key is permissible to improve the

reading.

1.6.2 Equipment Required

An AC Current calibration source at lkHz. e.g.
Datron 4200 Autocal AC Standard with option 30.

1.6.3 Checking Accuracy after ?UTOCAL'

To check the accuracy after 'AUTOCAL' the speci'
fication Verification section of the Operation Handbook
will be useful. lt provides tables for quick reference of
accuracy on all ranges and functions in displayed digits.

AC CURRENT CALIBRATION TABLE

{t

Remarks

Do not select
'lnput f iller'

Cancel DC coupled

DVM Reading
After

Calibration

0.000¡,rA
*.5 digits

<+.100 digits

.00000m4
L5 digits

0.0000m4
r5 digits

0.000m4
i.5 digits

0.00m4
15 digits

100.000¡rA
È10 digits

1.00000m4
f.10 digits

10,0000m4
1 10 digits

100,000m4
*.10 digits

1000.00m4
*.10 digíts

,CALIBRATE'

Key

'Zero'

Check only

'Zero'

Zero

'Zero'

'Zero'

'Gain'

'Gain'

'Gaín'

'Gain'

'Gain'

DVM
Setting

I,DC,AC,.1

I,AC,.1

I,DC,AC,1

I,DC,AC,lO

I,DC,AC,100

I,DC,AC,1000

I,DC,AC,.1

I,DC,AC,1

I,DC,AC,lO

I,DC,AC,100

I,DCAC,1000

Calibration
Source
Output

No connections '

to DVM input
terminals

100¡rA,1kHz

1mA,1 kHz

10m4,1 kHz

100mA,1 kHz

14, 1 kHz

Calibration
Operation

DC coupled
AC Zero

lmA Range
Zero

lmA Range
Zero

1OmA Range
Zero

100m4 Range
Zero

1000m4
Range Zero

lmA Full
Range

1mA Full
Range

1OmA Full
Range

100m4
Full Range

1000m4
Full Range

Step

1

.2

3

4

5

6

7

I

9

10

11

F
p

lJ

t¡l- .,'.,t ',., 
,



r.;1,,:i'': :,-.-.

10

1.7 CALIBRATION USING 'KEYBOARD'

1.7.1 General

The 'KEYBOARD' method of calibration is useful
when a calibratíon source although set to a nominal value
has known errors. ln this situation the known value of the
calibration source can be entered into the DVM before the
'AUTOCAL' process is executed. The process is functional
during any calibration with a source of magnitude between
20o/o and 2OOo/o of the range selected, but it should be noted
that for equal magnitude source errors, calibrating at the
lower percentage end of range produces a higher percentage
calibration error. The 'KEYBOARD' method operates for
both the 'Gain' and 'AcHf' calibration operations. An
example using 'KEYBOARD' to calíbrate directly against
a Standard Cell is shown in the table below.

CAL¡ BBAT¡ON EXAMPLE USING'KEYBOARD'

1.7.2'KEYBOAR D' with Negative tnputs

lf the 'KEYBOARD, method is used on DC Voltage
calibration with Negative polarity sources, it is important
NOT to enter a negative sign with the keyed-in source
value, The instrument itself can determine the polarity of
the source and update the appropriate calibration memory
location.

1.7.3'KEYBOARD' Calibration Example

The example shown in the table below uses 'KEY-
BOARD' to calibrate the 1000V AC LF Range Gain at
500V (step 15 of the AC Voltage Calibration table for
Option 121.

o -l

Remarks

Lethal voltage
present.
I ncrease
Calibration
Source in
100V steps if
possible

rl

DMM Reading
After

Calibration

1.00v
+1 digit

0
then

+500.00

500.00v
+1 disit

,CALIBRATE'

Key

'Zero'

'Gain'

DMM
Settíng

AC,1000

,KEYBOARD'

then
5,0,0,-,0,0

Calibration
Source

1.00V rms
500H2

500.00V rms
500H2

As above

Calibration
Operation

1000V Range
Zero

Set and Enter
Source Value

lOOOV AC LF
Range Gain
Calibration

r

Step

1

2

3

I
I
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1.8 'AUTOCAL' OVER THE BUS

All the cal¡bration procedures covered in this manual
can be carried out remotely using Option 50, the IEEE Bus.

Effectively, the five calibration keys are replaced
by five Bus instructions and these are used instead of the
'CALIBRATE' keys listed in the Calibratíon tables on
previous pages.

An example of calibration with the Bus is given in
the table below. A complete program listing for the same

calibration operation assuming an HP9825 controller is as

follows:-

Ø: dirn DSt15l

1 : clr 728

2: wrl 728,"F3R3OlWl="

3: Ø+S
4: wrt 728,"GØ="

define 1 5 character stríng
variable
send 'device ciear'to DVM
(interface 7, address 28)
program to DC lV, SRO
Mode 1, Enable Cal.

5: oni 7,"srq"

6: eir 7,128

7: if bir ("ø1xxxxxx".s)
=@;jmp -1

8: dsp "Apply 1V &
CONTINUE"

g: 0->S;stp
10: wrt 728,"G1="
1 1: oni 7,"srq"
12: eir 7 ,128
13: if bit ("ø1XXXXXX",S)

=@;jmp -1
14: wrt 728,"føWø="

15: lcl72B
i 6: stp
17: "srq":rds(728)+S

jump to SRO service routine
on interrupt
enable SRQ interrupts from
interface 7
check status byte S

obtained by service routíne
prompt operator to aPPIY

calibration source on com-
pleting zero cal

program gain cal. trigger

program to lnternal Trigger,
Disable Cal. on completion
of gain cal.
program DVM to local state

SRO service routíne to read
status byte

program zero cal. trigger

18: red 728,D$
19: iret
*7717

CAL¡BRATION. EXAMPLE USING THE BUS

Remarks

Program DVM to
predetermined state
AøCøDXEøF3MøNø

oøPøoøR65øT5

Program DVM to
Function:DC V(F3l

Range:lV (R3)

SRO Mode 1 (O1)
Enable Cal. (W1)

Program 'Zero' cal.,
SRO indicates when
calibration operation

completed

Program 'Gain'cal.,
SRO indícates when
calibration operatíon

completed

Program DVM to
lnternal Trigger (T0),

Disable Cal. (WØ)

DVM in normal mode,
free-running

DVM Reading
After

Calibration

È.00000v

+1.00000v

Bus

Controller
I nstruction

'Device Clear'

'F3R301W1=',

,GøJ

'G1=',

'TØWØ='

'Local'

DVM
Setting

ln Remote
State

Calibration
key to'CAL'

ln Remote
State

ln Remote
State

ln Remote
State

ln Local State,
Calibration key

tO,RUN'

Calibration
Source

+0.00000v

+0.00000v

+1.00000v

Calibration
Operation

Set DVM to
known state

Set DVM to
DCV, 1V

Range, and
prepare for
calibration

1V Range
Zero

1V Positive
Full Range

Set DVM to
I nte rnal
Trigger,

Disable Cal.

Step

1

2

3

4

5

6

:i 
;, 1-;':.



-

13

sEcTloN 2

MECHANICAL DESCR IPTION

2.1 GENERAL

The 1061 has been designed to be either rack

mounted in a standard 19" rack (3/'" (2u) height re-

quired) or bench top/portable with integral tilt stand' An
exploded view of the instrument is shown in Fig 2'1'

2.2 FRONT PANEL

2.3 REAR PANEL

The rear panel incorporates the mains supply, power

input socket and fuses, digital and analog output sockets,

rear and ratio signal input sockets, rear/front panel signal

input selection switch. run/calibrate keyswitch, calibration
interval (errorl select switch and current option fuse'

2.4 EXTEBNAL CONSTRUCTION

A screen printed key designation overlay adheres to
the front panel retaining the polarising filter in front of the

display. Both the front and rear panels are held together by

two side extrusions running from front to rear. These

side extrusions provide both slots for the handles or rack

mounting 'ears' and locating points for the structural
foam covers. The bottom cover is fitted with the tilt-
stand, rubber feet and instruction card. Earth screening
of the covers and guarding is provided by aluminium plates,

heat-staked to the inside of the covers with electrical
connections made by spring contacts.

2.5 INTERNAL CONSTRUCTION

An internal chassis is constructed from five printed
circuit boards, held together by connectors at each corner
and held rigid by two inner aluminium shíelds fixed hori'
zontally on the instrument's centre line running from
front to rear. lnput terminals, switches and display are

mounted on the front printed circuit board (pcb) and the
power supply on the rear pcb. The two side and centre
pcb's are used for interconnections between the main
circuit boards.

All the main circuit boards are mounted on the inner
shields with hinges and quick release fasteners with flexible
connections to allow operation in the 'hinged-up'position.
The Analog output circuitry is fixed on to the rear pcb of
the chassis and the Ratio/Rear lnput circuitry on to the
rear panel. The options are mechanically fitted and require

no soldering.

The chassis is mounted on to the side extrusions with
nylon screws, spacers and an insulation sheet to ensure

that the 'electrical spacíngs' of the BSl, UL and VDE
specif ications are achieved.

The f ront panel incorporates the signal input termin-
als, range, function, mode, keyboard, compute and power

switches and a numeric/legend gas discharge display'

,i -,: :,1,''.
'-j:. ::, _ 
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CUR RENT ASSEMBLY (OPTION)

AC ASSEMBLY (OPTION 1O)

OHMS ASSEMBLY (OPTION)
OUTER GUARD SCREEN
BOTTOM COVER ASSEMBLY
R.H. CENTRE GUARD SCREEN
FRONT PANEL AND OVERLAY
TERMINAL SUPPORT PLATE
FRONT PCB ASSEMBLY
FRONT GUARD SCREEN
L.H. PCB ASSEMBLY
t..H. CENTRE GUARD SCREEN

CENTRE PCB ASSEMBLY
ANALOG ASSEMBLY
TOP COVER ASSEMBLY

1.

2.
3.
4.
5.
þ.
7.
8.
o

10.
1'.| .

12.
13.
14.
15.

REAR GUARD SCREEN
DIGITAL ASSEMBLY
RATIO/REAR INPUT ASSEMBLY (OPTION)
ANALOG OUTPUT ASSEMBLY (OPTION)
REAR (POWER SUPPTY) PCB ASSEMBLY
REAR PANEL ASSEMBLY
POWER SUPPLY VOLTAGE SELECTION LINKS
R.H. PCB ASSEMBLY
HANDLE ASSEMBLY
INSULATION SHEET
RACK MOUNTING BRACKET
SIDE EXTRUSION
DtGtTAL INTE RFACE ASSEMBLy (OpTtON)
EARTH SCREEN
DISPLAY DR IVER ASSEMBLY

FIG.2.1 EXPLODED VIEW OF INSTRUMENT

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

See Note [1]

[1] ACAssemblyforl06lAOptionl2isf¡ttedinplaceof ACOptionl0andCurrentOption30pcbassemblies
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SECTION 3

TECHNICAL DESCRIPTION

3.1 INTRODUCTION

The internal circuits of the basic DC only instrument
are divided between five printed circuit board assemblies
(shown in bold outline in Fig.3..l).

For the purpose of explanation, each assembly will
be described separately and each assembly further sub-
divided according to the various functions involved.

3.2 ANALOG ASSEMBLY (Circuit Drawins No.430328)

The Analog assembly is split into three distinct
sections: (i) the Analog lnterface, (ii) the DC lsolator and
(iii) the Analog ro Digiral (A - D) Converter.

The Analog lnterface receives data from the Digital
assembly to control the selection, range scaling and other
features of the analog círcuitry. Messages between the
Analog and Digital assemblies are passed via opto-isolators,
electrically isolating one from the other.

The DC lsolator includes the preamplifier, range
scaling circuits and bootstrapped supplies. The A D

sect¡on converts the scaled input signal to a time period
proportional to the signal using a modified triple slope
technique.

3.2.1 Analog lnterface (430328 sheet 5)

3.2.1 .1 lntroduction

The Analog lnterface provides electrical isolation
between the Digital and Analog circuitry. Latched data
from the microprocessor is passed through opto-isolators,

decoded and latched again on an analog assembly to select
functíon, range. test, average and the D - A converter set
up conditions. A line is also provided to instruct the micro-
processor which options are present and if the AC assembly
is measuring a signal above SkHz.

3.2.1.2 Power-On

At power-on the A - D converter is placed into the
RESET conclition (See Section 3.2.3.8). The analog cir-
cuitry is then interrogated to discern which options (if
anyl are f itted. Finally the analog circuitry is placed into
the DC, 1000V range until a different range or function
is selected (See Fig. 3.3).

To determine which options are fitted the Digital
assembly sends a series of messages across the isolation
barrier, decodes them on the analog side and gates them
with lines from the option assemblies to feed a signal
back across the isolation barrier to the micro-processor.

Looking at the proceduruin more detail, the Analog
lnterface Data (l D) lines are all set to a logic '1'except one,
whích is set to a logic'0', depending on the option being
interrogated (See Fig. 3.2). As an example we will check to
see if the AC option ¡s f¡tted. lD1 is set low, the rest of
the lD lines set high and the Analog lnterface Address
lines, lAØ and lA1 set low. The opto-isolators ¡nvert all
signals, thus M17-3 is low and M19 pins 10,4 and 11 are

high. lf the AC option is not fitted M19-2 is driven lowvia
R55 from M17-3, causing M19-3 to be high, producing a

logic '0' (-15 volts) on M18-4. lf the AC optíon rb fitted a

33kO resistor on the AC assembly (R14) overrides R55 and

arrd a high is placed on M19-2. The effect ¡s to produce a

DISPLAY
DRIVER

ASSEMBLY

FRONT PCB
ASSEMBLY

IEEE OR BCD
ASSEMBLY

REAR PCB
ASSEMBLY

DIGITAL
¡\SSEMBLY

ANALOG
OUTPUT

AC
ASSEMBLY

ANALOG
ASSEMBLY

o,s
ASSEMBLY

CURRENT
ASSEMBLY

RATIOREAR
INPUT

FIG.3.1 PRINTED C¡RCUIT BOARDS BLOCK DIAGRAM
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REAR
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: . . .: .'
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Fis.3.2 POWER-ON OPTIONS FITTED TEST

high on M18-4, turning the opto-isolator M2'B on and thus

COND. VAL (M2'8) is high, signalling to the Digital

assembly that the AC option is fitted. Similarly. when the

O, I or RATIO options are interrogated, the appropriate

output of l\419 is set low if the option is fitted causing the

COND. VAL to be set high.

*Note: lD and lA lines
logic'1'= +5 volts logic'0'= 0 volts

AD lines
logic '1' = 0 volts logic '0' = 

--15 volts

The next step in the power-up sequence as far as the

analog circuits are concerned, is to be placed into the DC,

1000V range (See Fis.3.3 Flowchartl' Firstly, all

assemblies are deselected by placing logic'1's on all the lD

lines, then setting the lAø and lAl lines low (see Fig'

3.41, clocking the option selects latches (M20 Analog

assembly, M5 AC assembly, M9 Ohms assembly. Ml Ratio

assembly from M17'3. Both lA lines then return high'

e

POWERON

SELECT DC

LOAD DC
.EET.'PATTERN

FOR 1OOOV RANGE

RESELECT
DC

CHECK IF
RATIO IS FITTED
AND SELECTED

DESELECT
ALL ASSEMBLIES

LOAD D-A
WITH

DC Ib DAT

CHECK IF
AC IS FITTED

CHECK IF
N IS FITTED

CHECK IF
I IS FITTED

DITION

PLACE A-D
INTO RESET

FIG. 3.3 ANALOG INTERFACE
SEQUENCE: POWER-UP

I

I
-'ì

tDo

lD1

L o

õ
L- __- _---J

ID

ID

ID

2 L
----øc

.9.9
- - - -CO € t

'-J----l----
6----

:c
På:::- J

L-_-_ co
o(J

õE
o.Lo:oo

-J

tD5

tD6

tD7

tAl

IAø

L__ _

L_ ___

L-----_____ J

Io @ @
DCClear all r Load D-A SelectOplions I Conve¡ter I

l.+ +t0 p S ----->t<- 270 ¡:S 
__i+_ 27g, S+l

FIG.3.4 ANALOG INTERFACE DATA LINE TIMING DIAGRAM (POWER'UP}

fti'"'
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Secondly, the latches of the D - A converter (M13, M14)
are set up with the input bias current (lb) compensatíon
data' The lD lines are set to the appropriate pattern and the
information is clocked on to M13 and M14 by a delayed
low to high edge from M17-4, originating from lAØgoing
low. The delay makes sure that the signal from M17-10
has disabled the ,'F.E.T.,, latch M21. Once again, the
lAØ line returns to the resting state of logic'1'. Thirdly,
the DC analog circuits are enabled by setting all the lD lines
high except for lD0, rhen clocking M20 by a low to high
edge from M16-6 caused by both lA lines going low.
Once DC has been selected, the F.E.T. pattern latch is

enabled from M12-1, and the penultimate step is to load
this latch with 1000V range data from the lD lines (lD4
low, the rest high). This is executed by clocking the 'F.E.T.'
latch from M17-4 once again, but this time being due to
lAl going low. The final step is to reselect DC as described
above.

3.2.1.3 General lnterface Update Sequence

Before the start of each reading, the analog interface
undergoes a complete update. The series of events is the
same as the power-up seguence for selectíon of function
and range, as can be seen by comparing the two flowcharts
(Figs. 3.3 and 3.5). When Ohms or Current is selected,
the DC lsolator or AC assembly is also used in the measure-
ment procedure as seen in the following table.

UseofD-A

lnput Bias Current
Compensation

Frequency Compensation

Frequency Compensation

lnput Bias Current
Compensation

lnput Eias Current
Compensation

Frequency Compensation

Frequency Compensation

C¡rcuits Selected

Analog Assembly

AC Assembly

AC Assembly

Ohms Assembly
and
Analog Assembly

Current Assembly
and
Analog Assembly

Current Assembly
and AC Assembly

Current Assembly
and AC Assembly

Type of
Measurement

DC Volts

AC Volls

AC + DC Volts

Resistance

DC Current

AC Current

AC + DC Current

The update sequence order is (i) Deselect all assemblies,
(ii) Load D - A latches, (iii) Select AC assembly or DC
lsolator, (iv) Load range pattern into DC or AC range
latches, (v) Deselect DC or AC and select either the Ohms
or Current assembly, (vi) Load range pattern into Q's
or I range latches, (vii) Reselect circuits selected in (iii)
and (iv).

Note: Steps (v) and (vi) are used only when I or e is
selected,

Flowchart 3.5 gives the above sequence for an ohms
update. The general form of the timing diagram for the
above sequence is given in Fig. 3.6. the analog 'F.E.T,'
patterns for each range of each function being given in
Appendix 1.

3.2.1.4 Test

When TEST is selected, a logic '0' is placed on lD7
at stages (¡ii), (vl and (viil in Fi9.3.6, i.e. each time a func-
tion measurement circuit is selected. Appendix 1 lists

the 'F.E.T.'patterns of each assembly for each test
measurement cycle.

3.2.2 DC lsolator Section

3.2.2.1 Preamplifier Scaling (430328 sheet 1)

Figure 3.8 shows the essential features of the iso.

lator scaling circuit. For the purpose of explanation the
same symbols are used, regardless of whether the switch¡ng

is accomplished electronically (F.E.T.) or by means of relay

contacts. ln Fig. 3.8 all switches are shown in the iV
RANGE position.

0
END

DESELECT
ALL A,SSEMBLIES

LOAD D-A
WITH

DC Tb DATA

SELECT DC

DC
PA

RANGE
TTERN

LOAD
'EET,

DESELECT DC
SELECT N

LOAD N RANGE.FE.T'PATTERN

SELECT
DC AND N

FIG. 3.5 ANALOG INTERFACE
SEOUENCE: OHMS SELECT
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Binary coded See APPendix 1
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F1G.3.6 GENERAL FORM OF ANALOG INTERFACE UPDATE TIMING DIAGRAM
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o9

o10

FIG.3.8 SIMPLIFIED DIAGRAM OF ISOLATOR SWITCHING

Signal Out

o7

21 k6

9ko6

RLTRLl
Hi

o8

1k

100k

98k

9M9*1Lo

100mV
1V
10v
roov
1 000v

x31 .6

x3.16
+3.16

+31.6
+316

ON
ON

OFF

ON
OFF

OFF

OFF

OFF
ON

OFF

ON

ON

ON

ON

ON

OFF

OFF

OFF

I

The various switching combinations for the different
ranges are as follows:-

Ranse Gain 06 07 OB 09 O10 R Ll

The output from the DC lsolator, test point (TL8l

is approximately 3.16 volts ( x1/lõ ) for a full range

(100,000) input by the following methods (See Fig' 3'9):-

100mV Range 06 and O8 are turned on; all other F.E.T.'s
are turned off and RL1 energised' Thus the
output of the amplifier is connected to its
inverting inPut via R 108, R 109, R 1 10,

R111 and O6, an attenuator chain of
+31.6, giving the amplifier an overall
gain of X 31.6 08 connects the preampli-

fier directlY to the output'

lV Range 010 and OB are turned on, all other
F.E.T.'s are turned off and RLl energised.

The output of the amplifier is connected

to its inverting input via R108, R109,
R110, R111 and 010, an attenuator
chain of +3.16, giving the amplifier an

overall gain of X 3.16. OB connects the
preamplifier dírectly to the output.

10 V Range 09 and 07 are turned on; all other F.E.T.'s

are turned off and RLl energised. Og

causes the amplifier output to be directly
connected to ¡ts inverting input, giving a

gain of un¡ty. The output of the amplifier
is attenuated bY 3.16 (Rl 14, Rl 15)

before being passed to the output via 07
instead of 08.

100V and These two ranges select the 1V and 10V

1000V Ranges ranges respectively but a +100 attenuator
(R149, R156, R143, R148) is inserted

between Hi and the preamplifier input
when RL1 is deenergised'

ON

OFF
OFF

OFF
OFF
OFF

OFF

ON
OFF

ON

OFF
OFF

OFF
OFF

ON

OFF
ON

OFFDC

tl

fui.'.|1r, ,',,

The configuration of the circuit for each range is

shown in Fig. 3.9'

Reference should be made to circuit diagram number

430328, sheet 1, for the complete circuit. Sheet 2 givei

tables of the coding on the input control lines (from

the Analog lnterface).

When the 100V or 1kV range is selected, a .100,
1OMQ input attenuator (R143, R156, R149, R148) is

incorporated into the circuit. This is a matched set of re-

sistors for low temperature coefficient. The selection of a

lower range energizes relay RLl (via O33), causing resistor
chaín R119-R122 to be in series with the Hi input. Should
an overload signal then be applied, the resistor chain
límits the current and the power dissipation is such that
lOOOV can be applied continuously.

The amplifier end of the resistors is clamped by
zener díodes D22, D23 and Ql 8, O19 to low, thus the
amplifier input can never exceed approximately + 24
volts.
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3.2.2.2 Preamplifier (430328 sheet 1)

The preamplifier is designed to present an input
impedance of greater than 10,000Ml) for signals up to +
20 volts. lt is also bootstrapped (tracking of both ground

lines and supply voltages with input signal) being essential

for correct operation of input bias compensation, temper'
ature compensation and common mode rejection.

O12 is a well matched monolithic NPN transistor
pair exhibiting minimal voltage drift and low noise charact'
eristics, the output being buffered by M31. To compensate

for the current gain dri-ft of 012 (åpprox. -l%/ocl, the

change in the basecmitter voltage of one half of O12 is

sensed by M30. The drift compensation is linearised to

l%loC Oy thermistor R218. Thus the input bias current is

kept constant with temPerature.

3.2.2.3 D.C. Bootstrap (430328 sheet 2)

Bootstrapped supplies are generated which track the

input signal directly (BS), track the input signal with a

positive offset of +12V(+BS) and track the input signal

with a negative offset of -12(-BS).

M32 is the high inpedance buffer which tracks the

inverting input of the preamplifier. The offset of M32 is
adjusted so that its input is wíthin 100ltV of the input of
the preamplifier. M32 thus functions as the low impedance

rail (BS) following the input signal.

Selection of DC(M20-3) enables the capacitive

inverter driven f rom M33 to provide an unregulated

+42V(TL4) and -42V(TL5) supplv from the +15V supply'

The positive bootstrap supply (+BS) is generated as

a current source comprising 026 and the shunt regulator,

O27, referenced to D50. When the output voltage of the

resulator is approxímately 1.2 volts above D50 cathode,

O27 conducts current into R'175. Since the current in Rt75
is controlled to be constant by O30, referenced to D50,

the current flowing through R174 is reduced. Hence the

supply current, "mirrored" in R173, is reduced and the

output voltage controlled.

The negative bootstrap supply (-BS! is senerated

in a similar manner. Thus bootstrapped supplies of approx-

imately !12 volts are produced, trackíng the input signal

exactly.

g.2.2.4 Filtering (430328 sheet 1)

Selection of filter causes an active filter to be switched

in by relay, RL2, (via O32). The filter gives an attenuation

of -g+ dó at 50Hz' The essential components of the filter

are shown in Fig. 3.10.

lnput
IOOmV

100k

o8

1k

IOOmV RANGE

lnput,IV
100k

o8

10k

1V RANGE

lnput
10v

100k

21k6

o7

'lok

1OV RANGE

9M9
lnput
100v o8

100k

10k

1OOV RANGE

9M9
lnput

1000v

100k 21k6

o7

10k

IOOOV RANGE

FIG. 3.9 PREAMPLIFIER GAIN CIRCUITS

30k6
o6

21k6
010
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3.2.2.5 lnput Current (lb) Compensation (430328 sheets

1 and 5)

During the calibration cycle, the microprocessor

notes and stores the zero error due to the bias current

(measured in a knolGr source resistor)' When DC is selected'

this information is recalled by the microprocêssor' trans-

ferred across the isolation barrier and latched into M13

and M 14, see Fig' 3.1 1 .

The other half of the opto-isolator acts as a current
mirror, referenced to the bootstrap (BS) supply. Thus the
input current correction is floated on the bootstrap supply,
tracking the input signal is divided by R84 to R128 and

R129 to null the bias current of the preamplifier.

3.2.2.6 Test (430328 sheets 1 and 5)

During the self-test routine, (actuated from the

front panel or remotely programmed) the DC isolator is

checked for correct operation. The circuitry is placed into
the 0.1V range, as described in 3.2.1.3, except that relay

RLI is not energized, (i.e. the + 100 attenuator is across

the input amplifier). Filter is selected and F.E'T. 05
'closed' via M20-5 causing a small signal to be iniected

into the feedback path of the input amplifier. Thus a signal

of -3.125 volts is output from the DC lsolator (TLBI.

This signal is then measured and compared with a stored

value. lf the measured signal is within t.6% of the stored

value, the test continues with a 1V range check and a l0V
range check.

Output signal from DC lsolator
(TP13)

- 3.'125 volts

- 0.2193 volts

- 0.06932 volts

R ange

0.1v
1V
10v

DC lsolator OutPut Test Voltages

3.2.3 Analog to D¡gital Conversion (Analog Section)

(430328 sheets 3 and 4)

The output from the latches is applied to the binary

resistor ladder network, AN2, providing a 255 step digital

to analoq conversíon. The analog signal is applied to the

inu"iting-input of M3 so that the output drives current,

if'rough tt t diode, to control the current in the correspond'

i.ro-trätirto, of the opto'isolator, M23' The transistor of

iiã ooto-¡tolutor sinks current to the -15V supply until the

;;lü" across R198 is equal to the voltage applied to the

inveri¡ng ¡nPut of M3'

3.2.3.1 General PrinciPles

Section 1 and Fig. 1'2 of the User's Handbook

gives a very basic description of the p.rinciples of the

intugrrtion involved' The technique used in the Autocal

Volimeter is a quadruple slope, the two extra slopes being

towards the end of the signal and reference integration

periods resPectivelY.

Fig. 3.12 is a simplified diagram showing the essent'

ials of ihe analog section of the A - D conversion and

rr'tori¿ ¡t used with timing diagram Fig' 3'13 for full

appreciation of the circuit operation'

M36

FIG.3.10 SIMPLIFIED DC ¡SOLATOR
FILTERING CIRCUIT
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3.2.3.2 A - D lnput Control

The analog signal from the DC lsolator is applied to
the anarog multiprexer (M351 and fed to the input of the
buffer (o36/M34). This in turn feeds the signal to the
integrator comprising of O35, M2b and C9.

Control of the multiplexer is derived from the Digital
assembly via opto-isolato6 M4, M5 and M6. These signals

control the sequence of events, allowing first the signal,
then a bias voltage of the same polarity as the signal,
followed by opposite polarity reference and reference +1 6

signals to the buffer and integrator. The multiplexer is then
placed in a reset condition ready for the next measurement
cycle. Fig. 3.14 gives the multiplexer control line sequence
for both positive and negative signals.

3.2.3.3 Reference
Supply

Voltages and Control Logic Power

REF 1 : The two halves of M3g in conjuncríon with zener
diodes D60 and D59 form the positive and negative refer-
ence voltages respectively, D65 and D64 being 'start-up'
diodes (see Fig. 3.15). The outputs of M39 (+11 and

-1 1 volts) supply the defined current for the reference
zeners via R212 and R38 respectively. R19 and R18
are selected by Datron so that each zener has zero voltage/
temperature coeff icient.

The resistor chains R42-R43 and R89-RgO are binary
weighted values allowing the set up of the exact nominal
REF 1 voltages, of +6.42Y, by cutting the appropriate
links.

REF 2 : The second reference is 1/16th of REF 1. The
positive and negative REF 1 voltages are divided by R71,
R68 and R214, R7O respectively.

The power supplies for the logic circuits M35, M29,
M27, M28 and opto-isolators M1, M4, M5 and M6 are also

derived from M39 via zener diodes D61 and D62, giving

supply voltages of +8 volts.. Positive signal Negative signal

Logic levels : (0 
= -8V, 1 

= 
+8Vl

Fis 3.14 MULTIPLEXEB CONTROL LINE SIGNALS

bacba STATESTATE

1

0
0

0
0

1

1

1

0
1

0

1

1

1

1

o
0

1

1

0
1

1

I
1

1

1

o
I
0

1

1

1

1

0
0
1

R ESET

srG
_BIAS

+REF 1

+REF 2

R ESET

RESET

SIG

+ BIAS

-REF 1

-REF 2
RESET

Æ?* +15V

D65

R40

R213
+Ref 2

+Ref 1

871

R42

Ã211
R68887

EDc

R43

A

R212

FIG. 3.15 POSITIVE REFERENCE CIRCUITRY

D6o* 
*Dutron Matched pair
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3.2.3.4 Hish Speed Buffer

C22 slows the switching edges from the multiplexer
M35 so that the buffer cannot slew-limit and thus lose the

charge. The signals are fed to 036, M34 which comprise a

high speed buffer with high common mode rejection
ratio (See Fig. 3.16). The common mode rejection is

dependent on the power supplies of 036 (from R66 and

R11-R15) being bootstrapped to the output of the buffer,

via D2 and D4. Thus the difference between input signal

and power supply around the input stage is maintained

constani whatever the input signal.

3.2.3.5 lntegrator

The basic lntegrator comprises R6, R7 and C9, with

hybrid amplifier O35 and M25. (See Fig. 3.17). Low-noise

FÊT-pair O35 also has low gate leakage, which maintains

the effectiveness of 'sample-and-hold' components R34

and C12.

An inverted and attenuated version of the integrator

output voltage is developed across R5' This is applied via

R4 and C10 to compensate for the small amount of

dielectric absorption in C9. The value of R5 is factory'

selected to equalize readings of the same input, taken at

differing read-rates (including'one'shot' measurements)'

Cl1 and R27 provide shorter term compensation,

R23 being set to correct linearity at 10% of full range'

R12l R11

M34
+

R35

R66

036

R36

Fig. 3.16 HIGH SPEED BUFFER CIRCUITRY
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+
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+
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+
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3.2.3.6 lst Null Detector

lst null detector comprises a low noise amplifier,
M22, an inverting configuration, where the dc gain is con-
trolled by the ratio of RSg to R28 for small inputs' For
larger inputs from the integrator the clamp diodes, D1 and
D3, prevent the amplifier from saturating.

When in an averaging mode (lnput Zero or CALZero
selected; or for 10614 only, with ,lnput Filter, and DC,
AC Option 12, or Ohms selected) the second null detector
is offset a small amount in a cycle of 16 steps (See Fig.
3.20). This offset is produced from the digital to analog
converter M28, which is enabled by the level-shifted ÃVE
signal from M20-5, and clocked from M6, the C control
opto-isolator.

3.2.3.8 Reset Period

At the end of a measurement cycle or in hold, the
circuitry is placed into a reset condition. The control lines
of the multiplexer M35 allows the 0 volts reference input,
at pin 4, to be connected to its output. (See Fig.3.21). At
the same time the reset line (M27-3) is taken high turning
on M26. This reset signal, applied to pins 5 and 12 of M26,
allows the output of the 1st null detector to be fed back via
R60 to a sample and hold capacitor C12 on the integrator.

Thus, with the input to the A - D converter at zero
volts, the charge stored on C12 is the sum of all the offsets
from the multiplexer, buffer, integrator and 1st null detec-
tor, allowing the 1st null detector to indicate the true zero
crossing (null) point.

The reset signal applied to M26 pins 6 and l3 merely
allows a lower impedance path between the buffer and the
integrator to speed up the settling time as C9 is discharged
to zero.
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During REF 1 the non-inverting input is offset by
approximately 1OmV to determine the point at which
REF 2 is applied (after counting is synchronised). ln REF 2
the offset reduces by a factor oi t 6 giuing the null reference
point.

M22
+

c57
R25From

lntegra
Output

tor R28 To znd Null
Detec tor

Fronr
Bul fer
Out put

R24

R58

F|G.3.18 lst NULL DETECTOR CIRCUITRY

3.2.3.7 2nd Null Detector

The signal from the lst null detector is applied to
M15 which boosts the voltage gain. The output provides

a logic drive signal via opto-isolator M1, signalling the
dígital circuitry whenever a null condition changes, Fig.
3.1 9.
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F!G.3.19 Znd NULL DETECTOR CIRCUITRY
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3.3 OPTION 1O AC ASSEMBLY
(Circuit Drawing No. 430402)

(For OPTION 12 see page A27)

3.3.1 GeneralPrinciples

The preamplifier buffers and ranges the signal in
order to present 0.9 volts full range to the AC to DC
converter section.

Once converted to an equivalent DC signal, it is

applied to the analog to digital converter on the ma¡n
analog assembly.

MathematicallY

but

t.e.

The conversion technique is electronic true RMS
sensing as shown in the simplified block diagram Fig.
3.22. The Datron RMS module can be best considered as a
functional block consisting of circuitry which accepts two
inputs, V and V1, computes V¿/V¡ and has an output of
V* which is then filtered so that all the AC components are
removed. The output of the block is fed back to V1, thus
closing the loop around the whole circuitry.

Vx =Vo

V* = V2lV¡

V¿lVf = Ve, but Vo = Vf

12 = voz

Vo = '/Y2

3.3.2 Preamplifier and Scaling (43O4O2 sheet 1)

Relay RL2 is energised on selection of AC, directly
connecting the Hi terminal to the input of the AC assem-

bly. lf DC and AC are selected together, the AC assembly
becomes DC coupled by energising RL3, causing C57, the
AC coupling capacitor, to be by-passed.

The signal is then fed to the switched gain inverting
preamplifier whose full range output is 0.9 volts r.m.s.
A simplified diagram of this arrangement ís shown in Fig.
3.23. The frequency response is held flat, to within +'l %,

by controlling the gain defining component time constants,
to a similar order of accuracy. Residual errors are removed
by the freQuenc,¡r compensation stage. (See section 3.3.4).

The preamplifier has a stable DC path provided by
a dual transistor pair O33 and a fast AC path by dual
F.E.T.'s O32 and O34. Further gain is provided by the
following long-tail pair cascade of O20, O21.422 and O23,
which is loaded by a current mirror, O24. O15 and 016
with bias components O17 and O18 form a conventional
class AB output stage. R121 compensates for the bias
current of O33, whileRl 12 trims the offset voltage to
zero.

The unity gain frequency compensation amplifier
consists of a stable DC path, provide by M11, and a fast
AC path provided by O25 to O29. The bootstrap circuit of
019 presents the varicap diode, D11, with a high imped-
ance, thus ensuring that the varicap is not shunted to
ground.
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3.3.3 RMS Convertet (430402sheet 2)

The RMS converter takes the scaled AC signal from
the preamplifier and converts it to an equivalent DC signal

suitable for Analog'to-Digital conversion. The conversion

technique is electronic true RMS sensing as shown in the

simplified block diagram Fig. 3'25.

MB and l\49 form a summing type, full wave recti-
fier. The output of M8, a precision half-wave rectifier
inverter, is summed with the non-inverted signal with a

weighting of 2: 1at the input of M9' This forces a full-
wave rectified current to flow in RMS module M6' Potent'

iometer R50 balances the rectifier to provide the same

output for non-inverted or inverted asymmetric waveforms.

The output current from the RMS module passes

into filter-buffer M1 and is converted to a nominal 5 volts

for a full range signal. 01 and 02 switch in additional
capacitors when FILTER is selected, to operate down to
45H2. M2 is a voltage to current converter providing a

feedback current to the RMS module proportional to the

output voltage. R90 is the zero adjustment for the half

wave rectifier Mg and R35 is the high crest factor gaín

adjustment. R75 is adjusted for optimum linearity.

The output of Ml (TP2) is fed to a resistor chain

R1 - R7, to provide an output of 3.14 volts by the selection

of resistors R2 - R5. 03 is turned on when AC is selected

and switches the output of the AC converter into the

Arralog-to-Dig¡tal Converter (Drawing No. 430328 sheets 3

and 4).

F¡G.3.23 SIMPLIFIED DIAGRAM OF THE AC PREAMPLIFIER SCALING
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3.3.4 High Frequency Compensation

During the calibration cycle, the microprocessor
notes and stores the À;gh lr"q;"cy (HF) error of each

range. when AC volts is ielected the compensation inform-
at¡on for a particular range is recalled by the micropro-
cessor, transferred u.ror, ti. isolation barrier and latched
on to M13, M14 (Drawing No. 430328 sheet 5), see Fig'

3.26. As in the case of tñe lnput Current Compensation
(section 3.2.2.s|, the output from trre latches is applied to
a digital-to-analog converter, AN2. The voltage produced is

3.3.5 Frequency Detection (430402 sheet 2)

The signal frequency is monitored by M10 which is

set so that a signal frequency greater than SkHz causes a

logic '1', (0 volts) on Ml0 - 4. This signal indicates to the
Digital Board via M18, M2 (Drawing No. 430328 sheet

5) which one of the two sets of specifications should be

used for calculating the measurement uncertainty when

the SPec keY is dePressed'

fed to the AC converter via connector Jl pin 1 1 and
applied to varicap D11. The varicap is thus adjusted to give

the amplifier chain a flat frequency response.

The calibration is carried out at one H.F. frequency
but since it flattens the AC amplifier response, the correc-
tion is valid for all specified frequencies. lt should be noted
that the calibration routine is iterative since the varicap
is non-linear.

3.3.6 Test

During the self-test routine (actuated from the front
panel or remotely programmed) the AC assembly is

checked for correct operation. The circuitry is placed into

the .tV range as described in Section 3'2.1 .3. Filter is

selected and F.E.T. O31 is 'closed'from M5 - 13 causing

a signal of 0.08 volts DC to be injected into the preampli'

fier. Thus a signal of approximately 3.14 volts is output
from the RMS section and applied to the A ' D converter

situated on the Analog assembly. This signal is then meas'

ured and compared with a stored value. lf the measured

signal is q¡i1þi¡ +67o of the stored value, the test continues

with a 1V range check.

Output from RMS section
+3.14 volts

+0.314 volts
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43.3 OPTIOTT Ð AC ASSEMBLY
(Circuit Drawing No. 430552)

(For OPTION 10 see page 27)

43.3.1 General Princíples

The preamplifier buffers and ranges the signal in
order to present 0.9 volts full range to the AC to DC
converter section.

Once converted to an equivalent DC signal, it is

applied to the analog to digital converter on the main
analog assemblY.

The conversion technique is electronic true RMS

sensing as shown in the simplified block diagram Fig.

A3.22. The Datron RMS module can be best considered as

functional block consisting of circuitry which accepts two
inputs, V and V1, computes V2/Vf and has an output of
V¡ which is then filtered so that all the AC components are

removed. The output of the block is fed back to V1, thus
closing the loop around the whole circuitry.

MathematicallY: W = Vo

but Y *= Y2¡Y,

l2/v¡ = Vs, but Vo = Vf

Ç2 =yo2
:

vo=J v2

43.3.2 Preamplifier and Scaling (430552 sheets 1 & 2)

When the AC option is selected, the AC preamplifier
is connected in parallel with the 1000 Volt range of the DC

isolator. The resultant impedance presented at the input
terminals is a resistance of 1MS), shunted by 150pF.

Relay RL2 is energized on selection of AC, directly
connecting the Hiterminal to the input of the AC assembly.

lf DC and AC are selected together, the AC assembly

becomes DC coupled by energizing RL3, causing C77,

the AC coupling capacitor, to be by-passed'

The signal is then fed to the switched gain inverting
preamplifier whose full range output is 0.9 volts r.m.s. A
simplified diagram of this arrangement is shown in Fig.

43.23. The frequency response is held flat, to within
*.1o/o, by controlling the gain defining component time

constants, io a similar order of accuracy. Residual errors are

removed by the frequency compensation stage. (See section

3.3.4).

The main amplifier M22 responds to signals from
DC to above lMHz. lts input buffer 036 reduces bias

current errors. A chopper-stabilized amplifier M21 nulls

the offset of 036. Filter components R123 and C90

eliminate the effects of current 'kickback' from M21 to
the main signal path. M22 output (Test link TLK) is fed

directly to the unity gain frequency compensation stage.

t.e.
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CBB and C89 decouole R160 and R162 except on
the 100mV range, when oäg ano o34 are switched off to
provide greater open loop gain. To ensure stability at the
higher feedback levels requ-ired for the 10V, 100V, and
1000v ranges; c73 is switàhed in by o32 to decouple M22
non-inverting input, further reducing the open loop gain.

The unity gain f requency-compensation amplif ier
includes a stable DC path M20, and a fast AC path O28
and O29. The capacitance of varicap diode Dl4 is deter.
mined by the bias voltage at J1-1,|. The bootstrap circuit
of A17/A21 ensures that both halves of the varicap are
subjected to the same AC signal, removing the non-linearity
of the voltage-capacitance characteristic.

RL4 R142

Fig. A3.23 SIMPLIFIED DIAGRAM OF THE AC PREAMPLIFIER SCALING
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43.3.3 RMS Converter (430552 Sheets 2 & 3l

log

v vx

Vt

Fig.43.25 BLOCK DIAGRAM OF RMS CONVERSION
TECHNIOUE

The RMS converter takes the scaled AC signal and

converts it to an equívalent DC signal suitable for Analog-

to-Digital conversion. The technique used is Electronic
true Rlvls Sensing as shown in the simplified block diagram

Fis.43.25'

M13 and M14 form a summing full'wave rectifier'
The output of precision half-wave rectifier M13 is summed

with the non-inverted signal at the input of M14, with a

weighting of 2:1 . This forces an accurately rectified full'
wave current to flow in RMS module M11. Potentiometer
R62 adjusts the rectifier symmetry to provide the same

output for signals of either polarity.

The output current from the RMS module drives the
low pass burrent-to-voltage converter M10/M13, which
generates a nominal 0.5 Volts for. a full range signal. (Note

that M10, M9 and M4 are chopper-stabilized amplifiers to
handle the low signal voltages).

M16 is the active element of a switched 3-pole

Bessel filter. M15 and M17 switch the time constants,

extending the overall low frequency response down to
10Hz (See Fig. 43.24), when 'Filter' is selected.

The high impedance output from the 3-pole filter is

buffered by M9/M2, and the other half of M2 provides a
bootstrap for M9 input. D26 and D16 prevent the voltage

on TL A from exceeding the +5V power rail, providing

overload protection.
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:. . . The buffer output voltage (3.12V full range) is

developed across R52-R56 and R7ò, referred to Output
Common at M4 input. Log-feedback stage M4/M3 closes
the 'square-Root' loop, pro-uiOing feedback current for the
RMS computation in M I l.

When the AC, or DC-coupled AC option is selected,
03 connects the buffer output to the Analog.to.Digital
converter. Test links TLC, D, E and F are selectively
removed at manufacture to set the correct output level.

M15

M17 M1?

Fig. 43.24 SIMPLIFIED DIAGRAM OF AC FILTERS
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Fig.43.26 SIMPLIFIED DIAGRAM OF AC HIGH
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The calibration is carried out at one H.F. frequency
but since it flattens the AC amplifier response, the correction
is valid for all specified frequencies. lt should be noted
that the calibration routine is iterative since the varicap
is non-linear.

43.3.5 Frequency Detection (430552 sheet 2l

The sígnal frequency is monitored by M10 which is

set so that a signal frequency greater than 2kHz causes a

logic'1', (0 volts) on Ml9-4. This signal indicates to the
Digital Board via M18, M2 (Drawing No. 430328 sheet 5)
which one of the two sets of specificatíons should be

used for calculating the measurement uncertainty when
the Spec key is depressed.

43.3.6 Test

During the self-test routine (actuated from the front
panel or remotely programmed) the AC assembly is checked

for correct operation. The circuitry is placed into the

,lV range as described in Section 3'2'1.3. F'E.T. O31 is

'closed' from M7-13 causing a signal of 0.08 volts DC to be

injected into the preamplifier. Thus a signalof approximately
3.14 volts is output from the RMS section and applied to
the A - D converter situated on the Analog assembly.

This signal is then measured and compared with a stored
value. lf the measured sígnal is within *6% of the stored
value, the test continues with a 1V range check.

During the calibration cycle, the microprocessor

notes and stores the high frequency (HF) error of each

range. When AC volts is selected the compensation inform-
ation for a particular range is recalled by the micropro.
cessor, transferred across the isolation barrier and latched

on to Ml3, M14 (Drawing No.430328 sheet 5), see Fig.

3,26.

The output from the latches is applíed to a digital.to-
analog converter, AN2' The voltage produced is fed to
the Ác converter via connector Jî pin '11 and applied

to varicap D14. The varicap is thus adjusted to give the

amplifier chain a flat freguency response.

Range

.t
1

Output from RMS section
+3.14 volts

+0.314 volts
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3'4 OHMS ASSEMBLY (circuit Drawing No' 4303311

RANGE
LOGIC

I+ DC ISOLATOR

Hi

Lo

I-

FIG. 3.27 SIMPLIF¡ED RESISTANCE
CONVERTER

The instrument functions by measuring the voltage

across an unknown resistance with a known constant

current flowing in it. The converter can be split into two
parts: a low drift voltage follower and a constant current
source covering 6 decades from 100nA to 1OmA (see Fig.

3.271.

It should be noted that when the Ohms assembly

is fitted the DC lsolator Lo is no longer directly connnected

to the front/rear panel Lo terminal, but goes via RLI on

the Ohms assembly (connector link removed on side

panel). Lo becomes an act¡ve terminal in resistance meas'

urements.

3.4.1 Low Drift Voltage Follower

R9 TP5

¡

Hi

Lo

o8
LO ¡n

o10

D11

lFrom Dc lsolalorl
ß67

ant Currenl
f Source

FIG.3.28 SIMPLIFIED DIAGRAM OF
VOLTAGE FOLLOWER CIRCUIT

RL1 such that the voltage at front panel Lo is at reference
common plus any offset due to O10/M3. This voltage
offset drift is kept small for changes of temperature by
compensating the input bias current of 01O w¡th the
current in R67, which changes with temperature due to
the voltage drift at 010 emitters. Ol0 input bias current
is initially nulled by R26.

Thus if we consider 2-wire measurement. I+ is linked
to Hi, I- is linked to Lo and the unknown resistance linked
between Hi and Lo, with a constant current flowing from
I+/Hi, through the unknown resistance (R*l to Lo/I-. The
Lo terminal is maintained at 0V. Therefore the Hi terminal
(DC lsolator lnput) is at Iconstant x R" volts above Lo.
As long as the error is small referred to reference 0, the
DVM will read the correct resistance.

lnput protection is provided as follows:-

Voltage/Current applied to input terminals
J+ R9, D1O, Dl1
I- R2. D1, D2,425, R23
Lo R12. R13, 08, Og

Open circuit voltage l¡m¡t protection:
I+ R15, R16, 06, 07
I- R6, D7, D8,o.2,O22

3.4.2 Constant Current Source

Seven decades of ohms ranges are provided by 6
ranges of current and 2 ranges of DC lsolator voltage gain

(100mV range for 10O, 'l V range otherwise)' See Fig.

3.29.

When kl)'s is selected, O17 (sheet 2) is turned on

enabling astable M6 to produce a 200H2 signal to switch
M5. Thus when gates B and C of M5 are open, C9 is
charged up from the negative reference (originating from
the analog section of the A - D converter). These gates then

close and A and D open, sharing the charge with C8, the

voltage across CB equals the reference voltage (sheet 1 l.

30

When OHMS is selected, the front panel Lo terminal
is connected to the -ve input of amplifier 01o/M3, the
+ìe input being referred to DC isolator Lo (this remains

reference common). 010/M3 .together with output foll_
.ïrr Of s, will thus apply a voltage at the I+ terminal via

F.E.T.'s/Switches turned on

Leakage path

M2(B)

03, M2(C)

03. M2{C}

Cu rrent

Selector

01 1, M2(A)

01 1, M2(Al
M1(A}
M1(BI

o4
01, M1(Dl
01, M1(Cl

Current

1OmA

1OmA

lmA
1 00FA
10gA
1pA
1 00nA

Range

10Q
1 o0r¿

lko
lokQ
1 ookf)
lMQ
loMo

FIG.3.29 OHMS CURRENT RANGE SWITCH¡NG
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The voltage developed across C8 causes M4 to sink current
through resistor chain R24. R25, R29, R30, R3l until the
voltage developed across the chain balances that across C8.
Thus the current required for a particular range is selected
by the value of the resistor chain switched byM1, M2 and
04. Simplified diagram Fig. 3.30 shows the resistor chain
and switching for each range. On the high resistance ranges
leakage paths are províded by 03, M2(B) and M2(C).

To produce good cornmon mode rejection, M4
supplies are bootstrapped, the supply span being defíned by
a 12 vôlt zener, Dl7. The filtered bootstrap supplies
(+OBS and -S)BS) power the astable (M6) and bilateral
switch.

The use of ohms guard permits in-circuit measurement
of resistors, provided shunt paths are greater than 250O
and a suitable tapping point is available. Consider Fig. 3.31.
Guard is reference 0, Lo is actively maintained within
microvolts of reference 0 (as previously explained). Thus
there is no voltage across Rz and consequently no current
in Rz. Voltage follower O10/M3 will simply pass more
current into Ry from the I+ terminal until the selected
current for the particular range flows through Rx.

3.4.3 Test

During the self-test routine (actuated from the front
panel or remotely programmed), the Ohms Converter is

checked for correct operation' The circuitry is placed into
the 1OkO range as described in Section 3'2.1 '3' Filter is

selected and F.E.T. 05 'closed' from M9-1 causing R8
(9.76kO) to be placed between l+ and I-. fhus with I+
and Hi, I- and Lo connected (2-wire if front panel input
selected), the DC lsolator (which is also in the TEST mode)

measures the voltage developed across the resistor (approx

1 volt). The resulting voltage output from the DC lsolator
is applied to the A-D converter, measured and compared

to the stored value. lf the measured signal is within + 6%

of the stored value, the test is complete.

3.5 CURRENT ASSEMBLY (Drawins No. 430304)

The Current assembly contains a set of selectable
precision current shunts, the voltage developed across the
shunt(s) being sampled by the DC or AC voltage measure'
ment circuits.

F¡G. 3.31 USE OF OHMS GUABD

OHMS
GUARD

Ry

Rz

Lo

I-

I+

H¡



32

RANGE
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FIG.3.32 SIMPLIFIED DIAGRAM OF CUBRENT ASSEMBLY
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3.5,1 CurrentMeasurements

Precision current shunts of 0.1O, 1O, gfl, 90O and

900Q connected in series provide an output of 100mV
for a fulÊrange signal. To eliminate errors in measurement
due to lead or contact resistance, all current shunts are

4-wire sensed i.e. a pair of current leads and a pair of
voltage leads to the shunt(s) switched separately. The
voltage developed across the shunt(sl is fed to the DC

lsolator in DCI and the AC assembly in ACI or DCI +
ACI. The latter, DC coupled mode, computing the RMS
value of the DC and AC component of the input current.
These circuits are placed in the '.1V range' amplifying the
signal by 3.16. The output of buffer M5 is used to guard

leakage paths on the current board.

Overload protection up to 2 amps is provided by

diodes D13 - D16. An input greater than 2 amps causes the

current fuse, located on the rear panel, to blow.

3.5.2 Test

Duríng the self test routine, the Current assembly is

checked for correct operation. The circuitry is placed into
the .1mA DC current range as described in Section 3.2.1 .3
with the DC lsolator ín the 100mV range. Filter is selected
and F.E.T. 09 closed from M4 - 10 allowing current to
flow through R18 to the 100¡rA range shunts, from the
+15V supply. Thus a voltage of approximately 0.3 volts is

developed across the shunts and fed to the DC lsolator.
This voltage combined with the effect of the voltage
injected due to the DC lsolator being in Test (section
3.2.2.61 causes the output of the DC lsolator to be approx-
imately 5.75 volts. After measurement by the A-D conver-
ter, the value is compared to the stored value. lf the
measured signal is within 6% of the stored value, the test
is complete.

3.6 REAR INPUT/RATIO INPUT (Circuit Drawing
No.430307).

3.6.1 General

The Rear lnput/Ratio lnput assembly contains the
switching circuitry to enable one of the three analog signal

sources to be connected to the measurement circuits of the
DVM. When Rear lnput is selected either remotely or on
the rear panel of the instrument and the RATIO key is

depressed, the sw¡tching circuitry, under microprocessor
control, selects the ratio (referenc¡) input then the rear
(signal) input, taking one valid reading at each stage.

3.6.2 Front Panel/Rear Panel Input

When Front lnput is selected, either remotely or on
the rear panel, this causes the base of O1 to be connected

to 0 volts, turning on the transistor. Thus relays RL1 and

RL2 are energised, causing the front signal input terminals
to be connected to the measurement circuits. Should
Rear lnput'be selected, relays RLI and RL2 are de-

energised, connecting the rear input to the measurement

ci rcu its.

3.6.3 Ratio

During the last part of the analog interface update

sequence'(see Fig. 3.6) M1'5 is takqn high causing the flip-
flop {M1) to be clocked high (0 volts) on pin 1. The signal

is applied to 02 energisíng the ratio mode input selector

relays, RL3 and RL4. Thus the inputs to the'Ratio lnput'
on the rear panel are connected to the measurement c¡r'
cuits. Once a valid reading has taken place, the 'Rear
lnput' lines are connected to the measurement circuits by
leaving M1-5 low. This de-energises the relays as 02 is

turned off. Another reading is then taken and the ratio
calculated.



3.6.4 Test

.-When TEST is selected, the ratio option is checked to
see if it ¡s fitted, uv int 

-r-ró.iing 
il.,u AD4 line to see if

it is held high.

3.7 ANALoc ouTpuT (circuit Drawing No.430308)

3.7.1 General

The Analog Output Board accepts the DC lsolator or
AC Converter Output and converts it to a Jl volt DC full
range output. This signal can then be used, for example, to
drive X-Y plotters or strip chart recorders.

3.7.2 Description

The 3.16V full range signal from the DC lsolator or
AC Converter is buffered by unity gain amplifier M2. The
output is potentially divided by R7 and RB so that 1 volt
full range is presented to M1, another unity gain amplifier.
Potentiometer R5 is adjusted to remove any offset caused

by M1 and M2. Positive temperature coefficient thermis-
tors R3, R4 and diodes D1 ,D2, protect the Analog Output
circuitry from accidental input applied to the Analog
Ougut external connector.

3.8 DIGITAL ASSEMBLY (Circuit Drawing No.430329)

The Digital assembly contains the circuitry providing
the general management of the instrument and the digital
section of the A-D converter. Fig. 3.33 outlines the main
portions and signal highways of this board.

3.9.1 processor and Memory (430329 sheet l )

A 6900 microprocessor (MpU) together wirh l6k
bytes of memory controls the commun¡cai¡on between the
front panel, digital interface, display drivers, Digital and
analog assemblies. The memory can be split into five
main areas:-

-l

(11 Program Memory needed to operate the
whole instrument
system.

33

(2) Constant Data
Memory

(31 Non-volatile
Calibration Memory

(41 Operating Memory

(5) Volatile Display
Memory

e.g. Self Test limits'
Error read-out sPecif ic'

ations and other fixed
factors.

used to store all the
calibration errors used

for each reading and

determined during the
'Auto-cal' cycle.

used for scratch Pad
operations and storing.

volatile data such as

Max-Min stores, Limit
stores and computation
store s.

DATA
LATCHES

ANALOG
INTERFACE

DIGITAL
SECTION
OF A-D

r/o
BUFFER

KSMPU
POWER
UP/
DOWN

MEMORY

FIG.3.33 SIMPLIFIED BLOCK DIAGRAM OF DIGITAL ASSEMBLY

DISPLAY DIGITAL
DRIVER INTERFACE
ASSY. ASSY.

',ì
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3.8.1.1 Software Overview

The system uses the technique of a loop.ing prioritised
job scheduLr i;Ë¡;.';:ääi.'Ëã.r' job driven from the

scheduler ¡t "oi.roriuj'b;;iì.;l; the svstem workspace

which is *, *nå" ,iï¡."J i. rräiirr¿ io oâ run and cleared

when compl.i.l. 'Ë.¡år'*-" 
åi'.",iru,io¡ is ensured bv

makins u."tr io¡' .;i;;;'"JroiJon, to the top of the

schedule.

Program Modules: The program memory is split into
a series of functional modules. each module corresponding
fairly closely to a major functional area and hence to one

of the jobs activated by the job scheduler, the larger ones
being sub-divided, see Drawing No. 890043.
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FIG.3.34 JOB SCHEDULER
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I

Data Controt: Data handled by the system cons¡sts of
a stream of measurement informatitn on which a number
of operations are carried out. A second stream, asynchron-
ous with the first, consists of commands derived from
the front panel or digital interface, controllíng both the

measurement circuits and computation programs' Oper'
ations on the measurement stream basically cons¡st of
acquiring the raw data from the A-D converter, calibrating
this data and carrying out any other computations, and

converting and formatiing the iata for output' Note that a

job consuming data is given higher priority than the one

producing data for it, allowing a producer to place data

into an empty buffer. The conzumer is activated by a flag,

set by the producer to indicate data ready in the buffer'

Process Control. Control of the instrument by the

processor, initiated from the front panel or digital interface,
is arranged by using a 'pipeline control' of the rnajor

system state and a 'first in/first out' buffer between the

interrupt level routine receiving the control command and

the main program implementing it. The major system state

consists of the range, function, resolution, filter, ratio,

autorange, etc., flags and the computation mode (reading,

A-8, +C, etc.). The pipeline comprises three levels. The top,

level 1, reflects the state being programmed, the second,

level 2, the state of the measurement circuits and the third,
level 3, the measurement being processed. When a

command is input, level 1 is updated (e.g. a new range is

selected) and as soon as the measuring circuits are not

converting an input signal, the state in level 1 is moved to
level 2 causing the measurement circuits to update to the

new state. When an A-D conversion is complete, data is

read from the A-D and the state transferred from level 2 to
3, providing information for the processing rout¡nes.
Additionally, at this time, the level 1 to level 2 transfer is

repeated and the measurement circuits again updated to
allow for commands received while the conversion is in
progress,

A second control mechanism used is to input all the
commands via a 'first inÆirst out' buffer between the
interrupt level routine reçeiving the command and the
main program implementing it. Thus the processor under
remote control is able to 'simultaneously' set up the

requirements for the next reading, convert the current
reading and process the last one.

3.8.1.2 The Two-Phase Clock

The 6800 requires a non-overlapping positive two-
phase (Ø1, Ø2) clock. This is derived from the line'locked
master clock signal (1.6MHz for 50Hz line, 1.9MHz for
60Hz - see sheet 4). The first half of M57 divides the
master clock by two to 800kHz, producing antiphase

squarewaves at pins 14 and 15. lf data is not being trans-

ferred via the CMOS data bus; M57 (CMOS l/O) is at
logic 0, M57-11 is at logic 1, so M56'8 follows M57'15.
The circuit utilizes the propagation delays inherent in

M54 and M55 (approx. 1Ons per gate), to ensure that the

positive-going segments of Phase 1 and Phase 2 clock

waveforms do not overlap (as illustrated in Fig. 3-35). 06
and 07 drive the clock output at voltage levels demanded

by the processor (0V and +5V).

ji
f
f
f

1:-

t::

1f $t
From

M56-8

$z

M56-9

M.A4-2 4 4 4

M5,1-3 5 5

þt
M54-11 6 2 b

M55-8 3 3 3

ø2
M54-8 4 4 4

ì
No. of ProPagation DelaYs

FIG. 3.35 TWO-PHASE CLOCK GENEBATION

':. .t. ,., .
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3.8.1.3 RAM/ROM Circuit

The 6800 uses 3 Read-Only Memory chips (ROMs)

which contain the program necessary to run the instrument.

Each ROM is able to store up to 4096, 8'bit 'bytes' of
program information; grouped in program modules. The

MPU accesses a byte by placing its address on the 16'bit
Address Bus and driving the Valid Memory Address (VMA)

j line true (logic-1). The information held in that particular

.- , location is then sent back to the MPU via the Processor

Data Bus.

The chip-select inputs for the RAM and ROM are

decoded from a selection of high'order address bits. This

selection determines the positions of the RAM and ROM

in the memory map. For example: M30 is fed from

A1 5.413.A12 so that it covers the memory locations from
#F000 to #FFFF (Note that since 414 is not decoded M30
also appears at #8000 to #BFFF).

The processor employs 1024 bytes of 8-bit wide

Random Access Memory (RAM) made up from two 1024

x 4-bit RAMs (M31/M36). M31 and M36 are employed as

operating memory for scratch pad operations and storing
volatile data (e.g. Max, Min). The principal location of the
RAM is from *Ð000 to *ÐOFF. Since A8 and Ag are not
decoded there are images start¡ng at *o100, #0200, #0300.

A further 256 bytes of 8-bit wide RAM are made up

from two 256 x 4-bit RAMs (M19/M20). M19 and M20 are

backed up by a battery to privide the non-volatile 'Calib-
ration' and'Zero' memory. Three address bits 412, 414
and Ã15 are decoded by M33 (pin 8) to enable M19/M20,
but M2g (pin 6) permits the memory contents to be changed

only íf CAL is selected, or if the ZERO section of the

effect of this and the 800kHz output from M57-15 is to
'stretch' the waveforms of the Phase 1 and 2 clock outputs
(illustrated in Fig. 3.36). Thus phase 2 remains at logic
1 for 1% cycles of the normal 800kHz operation, allowing
more time for CMOS transfers.

memory is addressed (47 and A6 both at logic-11.

The read/ñIrite control line R/W from the 6800 is

gated with a'Master Clock + 2'signal to provide correct

ilring, and the address decodes include gating with VMAø2'

An instrument power up-is dltected by M60/M62

causing an initializat¡on RfSgT signal to be fed to the

MPU via 016. (See Fis. 3.38).

During a power-up or power'dow¡ (+5V supply line
(+4.75V) a signal from the supply-level detectors prevents

RAMs M19 and M20 from being overwritten by holding the

CS (chip select) lines low (<0.2 volts) via 014 for a period

of approx. 25mS determined by R55/C32.

3.8.2 CMOS Address Decode and lnput/Output
Circuits (430329 sheet 2)

lnformation is transferred to and from CMOS devices

via the CMOS Data Bus during periods when the signal

CMOS l/O is at logic'l (M33-6). CMOS l/O is addressed

when ÃJ8.414.A11 is true. This occurs when memory

locations starting at #4100 (and its images) are selected'

The transfer of data between the Processor Data Bus and

the CMOS Data Bus takes place at 400kHz, the Read/

Write lines selecting the directíon of the information

through the tri-state buffers M4, M5 and M6.

ln order to address the various CMOS input/output
devices, the address lines must be further decoded. M32
is a 1-of-10 decoder, providing 5 addressable drives; M16

is a dual 1-of-4 decoder addressíng the front panel circuitry
and the digital elements of the A-D converter. A summary

of the decoded CMOS address signals is given in Fig. 3.39.

To account for slower data transfer in CMOS devices,

the clock frequency is again divided by two to 400kHz
when the CMOS data bui is active. The decoded address
'CMOS l/O'at M57-7 is set to logic 1 during these transfers,
so a 400kHz square *.u. upp"r6 at M57-1 1. The combined

FIG.3.36 TIMING DIAGRAM OF STRETCHED TìA/O'PHASE CLOCK

M57-15

M57-11

þz

M56-8



f
ir
i1
*1

tT

r?

41

Íl
ti
+r
Et

ï{

d
t]
#

t

#

37

:j. '- . ,''

. . :: .. :..

29

at-to
I

A15

M45

415

o13

vMA.02

I eeoo I

M53
A15

D,oqt uu,r 4o
Di ROrì¡ ¡io

DO
I

o7

R/w
1k bytes

RAM

M19/ M20

R/W cs
9o zso uv,""
J7 RAM A7

M35

?o ¿r ¡r," AP

cj7 RoM air

M30

9o ¿r u"tu
J7 RoM

âìf
415

VMA

415 to À1O

A6

A7

CAL

n/wFrom O14 of Power-uP
/ Down CircuilrY

A12
A14
Ã'iE

2VMA

P
R
o
c
E
s
s
oi

I
u
s

o
A
Y
A

INPUT / OUTP
BUFFERS

VM All
A14
Ã-15cMos

INPUT/OUTPUT
DEVICE DECOOE

CMOS DATA BUS TO
DISPLAY DRIVER ASSEMELY

DIGIiAL INTERFAC€ ASSEÀ/ TY
ANO A-O SECTION

Fig. 3.37 S¡MPL¡FIED DIAGRAM OF MEMORY CIRCUITS



:, '. :

-

+4'75V----

+5V SUPPLY
LINE

38

1

ñESE-I

0

-25mS
I

1

Mls/M2O
C.S LINE

I

o

F¡G.3.38 START UP AND NON.VOLATILE RAM PROTECTION

Operation

Keyboard read/wr¡te
Forces a MPU 'power up'sequence
Triggers processor time guard (M43)
A-D main counter output enable
Analog interface address latch input
enable

Addresses keyboard
l.e.d. latches

A-D, and interrupt status output enable
CAL INTERVAL switch output enable
A-D control latches, input enable
A-D delay counter input enable

M32/M16
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3'8'3 Anarog to Dis¡tar conversion (Disitar section) 
il.i.':¿i::-ä'åî,î1,,H1,,]i.JJ:]':î fi-î[:'fff,iirl]
is enabled.

3.8.3.1 Generalprinciple

Block diagram Fig. 3.40 outlines the essentials of the

digital section ano s¡råur¿ o. ,r.O with flowchart Fig'

3.41 in order to follow the operation of this section'

The function of this section of the circuitry is to
generate the sequence that when transferred to the analog

section, controls the sequence from RESET through the
integration cycle and Lack to RESET. The circuitry
controls the length of SIG and BIAS and counts during
REF 1 and REF 2, the accumulated count beíng proport-
ional to the length of the reference periods, which in turn
is proportional to the measured input signal. At the end

of each reading cycle the count is read by the MPU, pro'

cessed and displayed.

The sequence is controlled by stepping M47 through
O0 to 07. Each 'O' output from M47 goes to logic-1 to
activate its stage of the sequence; completion of one

stage generates the 'Enable' for the next, via M46 switches,

.-

3.8.3.2 Preset Procedure

As part of the initialisation routine (at switch on),
M47 (used as the sequence controller), is reset from M3l-
11, causing M47-2 to be logic'1'. Thus the control lines A,
B and C put the analog section of the A-D into RESET
(See Fig. 3.42). The Address Bus decoded signal XADDLY
is taken low, enabling the presett¡ng of the delay counters
M13 and M14 from the CMOS Data Bus. the amount of
delay being determined by the selected range, function
and filter state, see Fi9.3.43. The A-D control latches, M11

and M12 are then enabled uy lÃbcTf- to (i) reset the
command latch Ml (from M11-4), (ii) set the resolution of
the main counter (M11-5 and 6), (iii) select trigger gate
(M12-3, 4 or 5) and (iv) reset the data ready latch (M12'6)'

BUFFERS
M24 AM25

PRIMARY
& SECONDARY

COUNTERS
M23

sEo
CONTROLLER

M47/ M46

DATA
READY
LATCH

BUFFERS
M10

INTERRUPT
E RUN/CAL
MESSAGES

NULL
DETECT
LATCH

DELAY
TIMER

DELAY
COUNTERS

M13 I M14

TRIGGER
CONTROL

A-D CONTROL
LATCHES
M11 eM12

TIMER

CMOS DATA BUS

PROCESSOR
TRIGGER

EXTERNAL
TRIGGER

PROCESSOR
ADDRESS
BUS
8O0 kHz
CLOCK

INTEBNAL
TRIGGER

ANALOG
CONTROL

Nu ll Detect
ABC

To DC lsolator

FIG.3.4O SIMPLIF¡ED DIAGRAM OF DIGITAL SECTION OF A-D CONVERTER
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3.8.3.3 A-D Measurement Sequence

Trigger. The trigger, required to ¡nitiate the measure'

ment sequence, is genãraied from one of three possible

sources:

REF 1 is ended when a null detector pulse is detected
and latched on to M22. This causes the sequencer to step
on once more from M46-3. the low to high edge from pin
4 disabling the primary counter.

f
#
11

íl
t.T

#
#
tr
i1

#
#
iJ

41

1

2.

lnternally generated 3/second trigger, from timer
M61-7.

Externally generated trigger, from EXT TRIG on rear

panel via M24-13.

3. A MPU derived trigger from Ml1-3 generated when

auto-ranging, pressing MANUAL when HOLD selec-

ted, during calibration, an INPUT ZERO sequence

or via the digital interface.
The trigger source is selected by the latched data on

M12, enabling one of the three gates of M2.

Delay. The trigger pulse clocks the 'command latch'
M1-11 causing the timer, M15, to output clock pulses

(200H2) to the delay counters (M13 and M14) after a delay
of approx. 1.5mS set by C5, R8, R9, R11. The delay
counters proceed to count down to zeto, at which time
the delay latch (M26) is clocked. Thus M26'14 becomes a

logic '0', enabling the sequencer M47 (an octal counter) to
proceed on to tlÉ next step via M46-2.

SYNC. The SYNC phase from the sequencer resets

the counters of M23 and places the analog section of the
A-D into SlG. The pulse is fed back to M47 via M46'3
to step on the sequencer.

SlG. During the time that the SIG líne is at logic'l
(M47-3), the primary counter in M23 is enabled and counts
out the sígnal period (20ms in normal mode, or 2.5ms
superfast). When the counter times out, M23-23 goes to
logic-O, enabling M47-13 via M23-14. The next Master-

Clock/2 at M47-14 steps thb sequence on to BIAS (M47-7

to logic-1, M47-3 reverts to logic-O!.

BIAS. The BIAS signal (M47-7) is transferred to
the analog sectíon of the A'D by changing the state of the
Ã l¡ne (M38-9 to a logic '0'). BIAS also enables the secon-
dary counter of M23 to count out the BIAS períod (20f¡S).

The sígnal indicatíng the end of this period ís passed via

M46-9 causing the sequencer to carry on to the next step.
The BIAS signal also resets the 'delay latch' (M26) ready
for the next measurement cycle, and the 'null detector'
latch (M224).

WAIT. The WAIT pulse resets the counter of M23
via M39-10, keeps the A line to the analog section low,
clocks the polarity null detect latch M22(B) causing a logic
'1'on pin 1 if the signal applied to the analog section of
the A-D converter was positive (logic '0' if negative) and is

fed back to enable the sequencer via M46-3.

REF 1. The high to low edge of WAlTrcauses the A
to change state and going into REF 1 makes B a logic'0'.
The analog side is then in the condition to start 'ramping
down'. While REF 1 is high the primary counter of M23
is enabled (pin 3l and counts the period of REF 1.

REF 2. The REF 2 signal changes the state of the Ã
line (causing the analog section to ramp down at a slower
rate), resets the 'null detect'latch and enables the secondary
counter of M23 (Pin 13) to count the period of REF 2.
lf the secondary counter overflows, the primary counter is

incremented from M23-1 6.

As in REF 1, a nulldetector pulse causes the counting
period to end (M22-12) and increments the sequencer
via M46-3 causing the Ã and E lines to change state.

END. The low to high edge from M47-10 is fed back
to M47, via M48-6 giving a master reset. Thus the sequencer
is placed into RESET.

RESET. The sequence pulse from M47-2 clocks the
'data ready'latch M1-3 placing a signal on to the CMOS
Data Bus via tri-state buffer M10 indicating to the MPU
that a reading is ready to be taken from the main counter
M23. Data is extracted from the counters in three bytes
(controlled by the A1 and A0 lines of the processor address
bus) with the counter output buffers, M24 and M25 being
enabled by XADDT. a decoded processor address.

The RESET signal is also passed to the analog section
of the A-D by changing the state of the C line.

Once the data has been extracted from the main
counter the set-up procedure is then repeated to awa¡t a

further trigger.

3.8.3.4 Master Clock and Line Locking (430329 sheet 4)

To give improved rejection of line frequency related

noise, the 1061 is linelocked. The line frequency is sampled

and compared to the internal master clock. Synchronisation
is achieved by adjusting the master clock frequency.

A sínusoidal line frequency signal from the 5V mains

tap is converted to a sguare-wave (M25-13) and +2(M26'1)
before being fed to the comparator section of the ULA
M23 (sheet 3). The MASTER CLOCK +2 signal is fed to
ripple counter M27 which outputs a signal of twice the

estimated line frequency, for line related periods, con'
trolled by the ULA (M23-18). This signal is fed to M23-19
(via inverter M39) and after a further :-2, is compared with
the actual line frequency (see Fig 3'44).

The ULA determines whether the master clock is

running too slow or too fast, producing a signal on pin 20
whose pulse-width is proportional to the difference. The

output of pin 21 is a 25Hz square-wave which is fed to the
up/down input of counters M41l50. Thus depending on
the positíon and down period of the pulse, the count held
is increased or decreased.
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F!c.3.44 LINE LOCKING T¡MING DIAGRAM (50Hzl
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Latches M42/51 are updated with this new count
during the A-D RESET period and apqlies the count to
resistor network AN4 which forms a D'A converter. Chang-

ing the voltage applied to varicap D9 alters its capacitance,
thus adjusting the LC of the Colpitts oscillator. Therefore
the frequency of the Master Clock is increased or decreased

to be an exact multiple of the mains frequency.

3.9 FRONT PCB ASSEMBLY (Circuit Drawins No.
4302541

The Front pcb assembly accepts the measurement
sígnals, digitally displays the value, provides manual control
of the measurement circuits and data conditioning, and
gives a vísual status indication of the selectable instrument
states.

3.9.1 Analog lnput Signals (430294 sheet 2)

The Front pcb connects thç terminals to the 2/4-
wire Ohms and Local-Remote Guard switches. Thus in
'2-wire': Hi is connected to J+, and Lo to I-, through
thermistors R1 and R2. ln 'Local': Guard is not directly
linked to the front panel Lo terminal, as this becomes

active in 4-wire Ohms. lnstead, 'Local' links Guard to
Ohms Guard, which is permanently connected to DC
lsolator Lo.

Signals applied to the six front panel terminals are

routed through to the Rear pcb (to the Rear lnput/Ratio
pcb or Rear lnput pcb if Option 40 or 41 is fitted) via
ifre Signal Cable assembly. Each of the terminal leads

passes through its own HF choke, all six inductors being

wound in the same direction on the same core. This
'Common Mode'choke presents high impedance to transient

common mode currents, but low impedance to normal

mode differential input currents.

Two screened cables are used to transfer the signals

to the rear: I+ and Hi are carried in one; I-, Lo and Ohms

Guard in the other. Guard is carried via the cable screens,

thus guarding the signals during transfer'

3.9.2 Display Signals 1430294 sheet 1l

The front panel assembly routes the display signals

from the Display Driver board to the gas discharge display'

3.9.3 Keyboard Data Encode 1430294 sheet 1)

Selection of a front panel keyswitch causes one of
the two 16-key encoders (M7 or M10) to send a data avail-

able message to M2 (a data latchl and.to remember which

key was pressed. The output ol M2, (pin 1 or 13) signals

the interrupt circuitry of the D¡gital Board (lROKt or
tRoK2).

When the microprocessor accepts the interrupt and

has located the source, the XKY BRD line to pin 13 of M7

and M10 is taken low, enabling the data outputs of the

encoders to be placed on to the CMOS data bus (See Fig.

3.45 for the key select coding). This signal also resets M2
'ready for the next key selection.
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3.9.4 Keyboard L.E.D. Data Decode @30294 sheet 1)

The XKY BRD signal is inverted by 01, R7, C1,

R6 partially enabling the L.E.D. data latches M4, M5, M6,

M8, M9, M'l 1 and M12 while information is not being

extracted from the keyboard encoders. The data latches

are divided into four sets, M6'and M4, M8 and M5, M12

and Ml1, M9 being fully enabled from the XKD SPø -
XKD SP3 lines resPectivelY'

On initialisation or after a change of the instrument's
selectable states, the L.E.D. data latches are updated by

placing data on the CMOS Data Bus (See Fig. 3'46), f irstly
to M8 and M5 (enabled from XKD SPl l and 'clocking'
from the CMOS CLK line (J2-6), secondly to M12 and

M11, then M9 and finallY M6 and M4'

The output of the L.E.D. latches provide the signals

to the bases of the L.E.D. drive transistors, switching them

on or off as required.

M9

MAN
RATIO
HOLD

M6/M4

AUTO
10s¿
.1

1

10
100
1 000
1oMo

M8/M5

DC
kç¿

INPUT
ZERO

INPUT
F I LTER

KEYBOARD

I

AC

M12/M11

dB
SPEC

TEST

A_B
MIN
MAX
RESET

CMOS DATA LINE

cDo
cDl
cD2

CD3

cD4
cD5
cD6
cD7

F|G.3.46 CMOS DATA BUS: LED-SELECT cODlNc



44

TP6

PROCESSOR
ADDRESS

BUS

r5V

+5V

øz

XDDSP

<l DO Dl
PROCESSOR DATA BUS

FIG.3.47 DISPLAY DRIVER WRITE CIRCUITRY

SELECTM9
B
B

B
2S
3

cso

D5D1

R/W

D7

M1

RAM

D2 D3

Display block
energised or

operation
implemented

from Ml1

1

1

3
5
7

I
1

2
4
6
I

10
Reset Counter

RAM (M1)

A3 A2 A1 A0

0
0
0
0
1

1

1

1

0
0
0
0
1

1

0
0
1

1

0
0
1

1

0
0
1

1

0
0

0
1

0
1

0
1

0
1

0
1

0
1

0
1

0
0
0
0
0
0
0
0
1

1

1

t
1

1

COUNTER (M8)

03 02 01 o0

0
0
0
0
0
0
0
0
1

1

1

1

1

1

0
0
0
0
1

1

1

1

0
0
0
0
1

1

3
0
1

1

0
0
1

1

0
0
1

t
0
0

0
1

0
1

0
1

0
1

0
1

0
1

0
1

l.r

,_i,

I

I

'r!.
I

J -".

Block
Number

+1 2 34s679910
FIG. 3.48 DISPLAY DRIVER READ MODE ADDRESS STATES

11



45

l3

M13/R3/R6/C16
CLOCK

M11
DECODER

M8
BINARY COUNTER

M9
ADDRESS LINE

SELECTOR

M1
RAM

Refresh

M4/Ms
BUFFERS

FIG.3.49 SIMPLIFIED DISPLAY DRIVER READ CIRCUITRY

2k{z 9

To Anode Drive
C ircuit ry
(Display Block

Select l

To Cathode Drive
Circuitry

(Segment Select l

3.10
ç

DISPLAY DR¡VER ASSEMBLY (Circuit Drawing

No.430330).

Basically, the Display Driver assembly receives the

display information from the m¡croprocessor (running at

800kHz) and stores it in a Random Access Memory (RAM)

digit by digit. This data is then read out at a slower fre-
quency l2kïzl, level shifted and output to the gas

discharge display.

)
NOTE: ln the following description, each bar,

decimal point or legend is referred to as a display segment

and each set of segments i.e. Jl,E or a legend block, is

referred to as a disPlaY block.

3.10.1 Write Mode

On completion of a reading or when certain modes

are selected, (e.g. ERROR, keyboard entry), the processor

indicates to the Display Driver Board that data is ready to
be transferred by the signal XDDSP (TP6). This causes

the RAM (M'l ) to be placed into its write mode and the

quadruple 2-line to 1'line data selector, Mg, to select the
'B' inputs which are connected to the processor address

bus.

The signal XDDSP also causes the tri'state buffers M6

and M7 to become enabled, causíng the data input lines

of the RAM to be connected to the processor data bus.

Tirus under MPU control, the display data (t1, E 's,

cjecimal points and legends) is written into the RAM.

Once this transfer of data is complete the RAM be-

comes deselected. the buffers return to their third state

inhibiting the data bus to the RAM and connects the 'A'

3.10.2 Read Mode

Discharge between adjacent display blocks is preven-

ted by time multiplexing and sending information to alter-

nate blocks. A particular display block is selected by
driving its anode, and a particular segment by driving the

segment cathode.

The free running clock M13, R3, R5, C16, produces a

2kHz signal (M13-9) to drive a 4-bit binary counter, M8,

which provides the control of the address lines in the read

mode (See Fig. 3.49). The display block selection is

achieved by decoding these 4lines into 16 bits using M11.

The output lines of Mll are connected to the bases of
transistors 01-O3, 013-020 which act as anode switches.

Note that when the address lines are in the state 0000

the output of Ml1 (pin 11)selects the anode to block 1,

0001 selects the anode to block 3 (M11'9),0010... block

5, etc., thus the display blocks are selected alternately.

To select the appropriate segment data from the

RAM to match the display block selection the address

lines are given a left hand^bitlota.tion^ i.e. if the output of
M8 is labelled DCBA, (2t,2",2',2ul,, the address input

of Ml would be CBAD. (Fig.3'48 gives the state of the

address lines for each display block). The particular display

block segment data is recalled by the RAM, buffered by

M4 and M5, level shifted -180 volts by R8'R15, C4-C11

causing O5-O12 to drive the cathodes, D1-D10 acting as

restoration diodes. Between the transfer of each set of
segment data, M13'13 is taken high, causing the outputs of
M4 and M5 to be a logic'0'. This produces a refresh period
for capacitors C4'C11 to discharge from the -180V supply

through the restoration diodes.

inputs of M9 to the address lines of the RAM



3.11 ¡EEE 488 STANDARD D|G|TAL INTEBFACE (Circuit Diasram No.43O427)

The IEEE Digital lnterface assembly conta¡ns the extra memory circuitry required for the execution and decoding of

interface tun"tions,".i¿;;;;;i; l;o"t and output transfers. Simplified diagram Fis. 3.50 shows its essential features.
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[1lFor further information refer to 'Getting aboard the
488 Bus'published by Motorola.

3.11.1 ROM Circuit

The IEEE Digital lnterface assembly acts as an

extension to the Digital assembly with connections to
both the Processor Address and Datd Buses. The board
houses 4k bytes of program memory (M3) containing the
sub-routines to control the instrument from the IEEE 488
Bus. The ROM receives the address information, with chip
selection being made by decoding address lines A3-41 1

with XIOBD and master clock Ø2.

3.1 1.2 lnterface Circuit

The General Purpose lnterface Adaptor (GPIA). M9,
provides the interface between the IEEE 488 Standard
lnstrument Bus and the 68000 microprocessor. The MPU
can receive, process and send messages to the interface
through the GPIA.

The GPIA is able to automatically handle the follow-
ing interface protocal [1 ] :'

Single address capability
Source and acceptor handshake
Talker and Listener states

Service Request
Parallel Poll
Device Clear
Device Trigger

W¡th MPU it is also capable of:'
Programmable lnterrupts
Storing the instrument's address

Control of the ínterface inputr'output buffers.

The GPIA is selected by decoding address lines A3'
All with XIOBD. Address lines A0-42 with the state of
the MPU R/W tine select one of the I read only or 7 write-
only registers in the GPIA, enabling the MPU to send or
receive data over the interface.

The two signals T/F1 and TlR2 are used to control
low power transceivers (formed from M1, 2) which drive
the interface bus.

INPUT. /
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BUFFERS
Ml M2

GP¡A
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BU FF ERS
M6
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swrrcHEs

4k byte ROM
'AO

D0 Ð7
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3J2 BCD DIGITAL INTERFACE (Círcuit Drawing

No 430332)

The BCD Dig¡tal lnterface .sre#ly contains the

extra memory and circuitry required for the execution and

decoding of interface functions and to perform data output
transfers. Simplified diagram, Fig 3'51 shows the essential

features of this board.

3.12.1 RAM/ROM Circuit

The BCD Digital lnterface assembly acts as an exten-
sion to the Digital assembly with connections to both the
Processor Address and Data Buses. The board contains 2k
bytes of program memory (M 111 containing the sub-routines
to control the instrument from the BCD lnterface. Extra
'operating (scratch pad) memory' is provided by two 256x4
bit RAMS M22,M23l-. Both the ROM and RAM's receive
the address information, with chip selection being made by
decoding address lines A8-All w¡th XIOBD, R/W and Ø2.

3.12.2 lnterface Circuit

The Peripheral lnterface Adapter (PlA), M1, pro-

vides the means of interfacing the BCD input/output to
the 6800 microprocessor. The PIA is selected by decoding

address lines A9-41 1 with XIOBD' Address lines A0 and

A1 together with MPU data messages configure the six

internal registers controlling data flow and external con-

trol signals.

Peripheral Data lines PBO-P87 (Ml pins 10-17)

are used as enable lines allowing data to be placed on the

BCD Data Bus from the Remote Programming lnput and

control lines of the BCD Output (2 bytes) and allowing

data to be placed ínto output latches M7-M10' M12-M16
(5 bytes). ,

The length of PRINT COMMAND is controlled by

the timer M2, R1, C3.

,j::.;
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The line transformer and power supply components

are situated at the rear right hand side of the instrument'

when viewed from the f-ront. Transformers T1 and T2

are of toroidal construction mounted one on top of the

other and bolted to the rear panel. T1 has a split primary

comprising two 115V windinbs, intended for either series

or parallel connect¡on depenãing on the line voltage' An

earth screen is interposed between primary and secondary

windings to minimise electrostatic coupling, and is

grounded to line earth. The second transformer T2 is

driven from T1. lt also possesses an electrostatic screen,

this time being connected to Guard.

3.13 REAR (PowER suPPLY) PcB ASSEMBLY
(Circuit Drawing No. 430295)

3.13.1 General

3.13.2 180V Supply

3.13.3 5V Supply

All the logic circuitry to the right of the central

printed circuit board is powered from the supply gener'

The 180V supply is required for the gas discharge

display. Bridge rectifier Wl and C6 convert the 200V AC

from the secãndary of T1, to DC. R6, D3, R4 and 02
act as a constant current source being regulated by D4, R5

and 01. The +5V line (TP2l is connected to the dig¡tal

+5V line (TP3) on the Display Driver assembly. )

ated from the two 8.8 volt 750m4 secondary windings on
transformer T1. The centre tap (dígital common) is linked
directly to line ground via LK6. The output of rectifying
diodes Dl and D2 is smoothed by C7 and C8 before being
fed to regulator Ml. This regulator is capable of l amp

output and has foldback current limiting and thermal
shut-down, to provide short circuit protection.

3.13.4 Jl5V Supply

The output of the third secondary winding of trans'
former Tl (10V AC) is input to the primarv of T2. The two
19.25V outputs are connected in series, with the centre tap
connected to analog common. The output of bridge
rectif¡er W2 is fed to voltage regulators M2 and M3 (wired

in seriesl, to produce positive and negative 15 volt supplies

to power the analog circuitry. These regulators also include

foldback current limiting and thermal shut-down, to
provide short-circuit protection.

3.14 SELF TEST SEOUENCE

Selection of the TEST key places the instrument
into a test routine, checking the display and basic measur-

ing circuits. A flowchart for the routine is given in Fig.

3.53. The analog circuitry conditions for each test arec'

given in the last subsection of the circuit description for
the particular board, and the range 'F.E.T.' patterns ¡n

Appendix l-8.
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sEcTtoN 4

INTE RNAL ADJUSTMENT PROCEDUR ES

4.1 ALTERATTON OF LINE VOLTAGE AND LINE 4.2 BATTERY REPLACEMENT
FREOUENCY

2,
3.
4.

5.
6.

7.

tir IiiI

.u

The instrument ¡s set to 50H2, 205V to 255V
supplies unless Option 80. 81 or 82 is specified. This
information is carried on the ¡nstrument identif ication
label located on the rear panel. Alteration to a different
line voltage/line frequency may necessitate an instrument
recalibration.

4.1.1 Changing Line Voltage

1. Disconnect power and all signal input/output leads.
2. Remove the lower cover.
3. Locate the l¡nk(s) connecting the split primary on

the printed circuit board in front of the toroidal
line transformer', Fig. 2.1 and Drawing No 400291

4. t t:X."ff!111n:- Bemove LKI (link 1) and f it LK2

230V Operation:- Remove links LK2 and LK3, and
1¡1 ¡ç1 [1J .

5. Amend instrument identif ication label.
6. Replace lower cover.
7. Replace power fuses with 160mA anti-surge (230V1

or 500m4 anti-surge (1 15V).
8. Carry out the Specification Verification tests (Sec-

tion 8, User's Handbook) and recalibrate if necessary.

4.1.2 Changing Line Frequency

1. Disconnect power and all signal input/output leads.
2. Remove the top cover.
3. 4OOHz -Operation:- Remove link LK5 and fit

¡¡7[1] on the Digital assembly, (Drawing No.
400329).

50/60H1 -Operation:- remove link LK7 and fit
¡¡5t1.| on the Digital assembly (Drawing No.
400329).

4. Place instrument into HOLD. Adjust L2 (DiSital
assembly) so that Tp7 is l.OSV f.0.03V wirh respect
to Digital Common (Tp2g).

NOTE: ïhis signal contains about 200mV peak-to-peak
high frequency noise.

5. Amend instrument identif ication label.
6. Replace the top cover.

7. Carry out the Specif ication Verif ication tests (Sec-
tion 8, User's Handbook) and recalibrate if necessary.

[1]tinL, should be 22 SWG TlN.Cu wire with silicone
rubber sleeving.

The battery should be replaced on or before the
date indicated on the rear panel instrument identification
label. To retain the calibration memory, the instrument
must be powered-up during replacement. Therefore great
care must be taken due to voltages up to 260 volts being
present inside the instrument.

Remove top cover and locate battery on the Digital
assembly (see Fig. 2.1).
Power-up instrument,
Desolder battery at end of tags and remove from clip.
Replace with new battery, (Datron Part No.920049)
positive terminal to resistor.
Replace top cover.
Amend instrument identification label (Current date
+ 5 years).
Carry out the Specification Verificat¡on tests (Sec-

tion 8, User's Handbook) and recalibrate if necessary.

4.3 POST.REPAIR PROCEDURES

Apart from the RMS Module (which is available only
from Datron), all integrated circuits and semiconductor
devices are standard manufacturers' products, and special
selection is unnecessary. During manufacture ærtain
resistors are selected in value (FSV = Factory Selected
Value) to accommodate circuit component tolerances, or
to bring the desired setting of a preset control to the
middle of its adjustment range.

The thermal tracking of the DC Preamplifier is part-
icularly ¡mportant, to ensure a low order of zero drift
with variations of temperature. This rather time consum-
ing procedure is carried out initially during manufacture,
and need only be repeated following replacement of O12
or any component associated with the temperature com-
pensation circuitry.

NOTE: A routine calibration as detailed in Section
1 should be carried out after completion of the following
procedures.

CAUTION : Up to 260 volts is present inside the
¡nstrument. Personal contact with these points may result
in injury.
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2

3.

4.3.1 Basic DC lnstrument

Equipment Requ irements:

4% digit Digital Voltmeter e.g. Datron 1041

Variable 5V, 1 amp DC supply
5mV/division Oscilloscope e.g' Telequipment D83

1MO5% resistor in paiallel with 10nF capacitor

10MS)5% resistor in parallel with 10nF capacitor

DC Voltage Calibrator, e.g. Datron 4000/40004
Autocal Standard.

Procedure

Power Supplies

Turn instrument on and allow 5 minutes warm-up
period.

4

Connect DVM Hi to TPB and Lo to TP28 on the

Digital assembly. Adjust R2 on the Rear (Power

Supplyl pcb assembly to give +5.100V +25mV'

Connect DVM Hi to TP1 and Lo to TP20 on the Ana-

log assembly. Adjust R7 on the Rear (Power Supply)
pcb assembly to give +15.000V + 15mV.

Connect DVM Hi to TP2 and Lo to TP20 on the Ana')
log assembly. Adjust R12 on the Rear (Power Sup-
ply) pcb assembly to give -15.000V + 1smv.

13. lnsert calibration key into keyswitch on the back
panel and turn, placing the instrument into CAL
mode,
NOTE: The display CAL tegend will be lit.

14. Short together pins 'D' and 'E' on Digital assembly'

NOTE: All the calibration store correction factors
are now reset to zero,

15. Turn the calibration key back to RUN mode

Analog Assembly (DC lsolator Section)

16. Centralize R150 and R160.

17. Select 0.1V range DC with FILTER out. Apply a

10MO resistor between instrument H¡ and Lo'
Connect DVM Hi to TL8, Lo to TP20.
Adjust FSV R152 with a metal film resistor
(5Oppm/oC) for a reading of < 10mV, using R159
f or 'f ine' adjustments.
Do not solder in R152.

18. Apply a short circuit across the input terminals and

adjust R 1 50 for a reading of< 50¡rV at TPI 3.

19. Connect DVM Hi to TP33 and adjust R160 for a

reading of <20¡¡V.

20. Repeat steps 17 to 19 until readings are within
specified limits.

NOTE: The following step is only required after the

replacement of 012 or any component associated

with the temperature compensation circuitry.

21 . (il Re-apply 1OMQ resistor across the input

terminals. Note the reading on the front panel

display (=A).
(i¡) Note the ambient temperature (=XoC).

(ii¡) Place the instrument in a temperature con-

trglled oven at approx 50oC without top cover

and with Power'on'.
(iv) Leave the ¡nstrument for at least t hour then

note the reading on the display (=B) and the

temperature of the oven (=YoC)'
(v) Compute (B-A)/(Y-X) = Drift/oC'
(vi) Remove instrument from oven and allow to

stabilize, with power 'on' to ambient for one

hour.
(vii) lf the drift was (10 digits/oC p-roceed to (x)'

(viii) For drifts in excess of 10 digits/oC R151 must

be adjusted. lf the drift was positive turn

R151 clockwise. if negative turn R151 anti-

clockwise'
(ix) Repeat from (i).
(x) Lock R151 with a clean soldering iron'
(xi) RePeat steps 17 to 20.

22. Solder in R152, with instrument turned off '

5.

þ

Digital Assembly

Switch the instrument off and disconnect the power

lead.

lsolate the Digital Board by removing the connectors

along the centre Panel (J1-J5).

Connect variable 5V supply and DVM Hi's to TP8,

Lo's to TP2g. Reduce supply to 4'750V +10mV.

Set R83 fully clockwise. Connect oscilloscope Lo to
TP28 and monitor M53 pin 40' Turn R83 anti'clock'
wise until TP30 undergoes a high to low transition
(or begins to Pulse low).

Remove varíable supply and reconnect items discon'
nected in steps 5 and 6. Disconnect the oscilloscope.

Switch on the ¡nstrument'

10. Connect DVM Hi to battery'positive terminal, Low
to fP28. Check battery voltage is >2.5 volts.

11. Disconnect DVM and connect oscilloscope Hi to
Tp25, Lo to TP28. Adjust scope trigger unt¡l the

trace is triggered by the first pulse of each reading

burst. Adjust R11 so that the pulses occur every Sms

.t 0.Sms.

12. Place instrument into HOLD. Connect oscilloscope
Hi to TP7. Adjust L2 to give a stable +1.05*.0.03V.
NOTE: This signal contains about 200mV peak to
peak high frequency noise'

7

8.

I

:

i',' ,' ' ,t, ,' r r,,'.,i..';,+iiiill i.i"iiif.'.'"'',, : :':. ;,. " . 
i -
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Analog Assembly (A-D converter)

23. Select 100V range and apply short circuit between
Hi and Lo. Conn-ect OVI¡'H¡ þ -fP7, Lo to TP20'
lf reading is +6.42y +0.03V proceed to step 25'

24. Switch off instrument and make positive reference
links B & C, if cut ¡.e. the links alongside TP7' Switch
on instrument and measure voltages on TP7 once

again. Consult F¡g. 4.1 and cut links as indicated'
Repeat step 23.

33. Apply +19 volts. lf the display reads within the
limits +18.99g9 to +19.0001. proceed to step 35.

34. Calculate E = (lg - displayed readingl/2.
Re-apply +10 volts and adjust R23 for a displayed
reading of 10 - E.
Repeat steps 32-34 until both readings are within the
lim¡ts ¡ndicated.

35. Turn rear panel keyswitch to RUN mode.

The basic DC only instrument set-up procedure is

complete.

4.3.2 Ohms Assembly

Equipment Required:
5% digit DVM, e.g. Datron 1065, or 1061.
10 Megohm 5% resistor in parallel with a 10nF capacitor,
ê.9. Datron Part No.400392.
Copper shorting links, and a short wire link.

Procedure.

e

25. Connect DVM Hi to TP8. lf reading is -6.42V +

0.03V proceed to step 27.

26. Switch off instrument and make negative reference
links A to C, if cut i.e. the links alongside TP8.
Switch on instrument and measure voltage on TP8
once again. Consult Fig 4.1 and cut links as indic-
ated. Repeat Step 25.

27. Select HOLD. Connect DVM Hi to TP9. Select
correct resistance value for FSV R11 or R15 to give

a reading of 0V !1 mV. Solder in resistor.

28. Deselect HOLD and disconnect DVM. Select 1000V
range and apply +19mV. Connect oscilloscope Lo
to TP21 , Hi to TPS. Adjust R20 for noisy waveform
at zero Point.

29. Remove oscilloscope. Replace covers but do not
replace screws. Select 1V, DC, filter out and apply
l MCl across input terminals. Turn rear panel key-
switch to CAL mode and select LlN.

30. Select .lV range and apply l0lVlf) across input ter-
minals. Select Ib. Repeat until display reads less than
50 digits.

31 Select 10V range, FILTER and apply short copper
link across input terminals. Select ZERO.

32. Apply +10 volts and select GAIN. Repeat until
display reads +10.0000 + % digit.

Select 10 kilohm range, 4-wire. Connectf- to Ohms

Guard, L+ to Hi, and 10 Megohm resistor between Hi
and Lo.

Connect DVM H¡ to TP4, Lo to TPI and adjust R26
(bias current) for a reading of Zero t 300¡tV.

Disconnect the 10 Megohm resistor, and connect a

copper shorting link in its place between Hi and Lo.

Transfer DVM Hi from TP4 to TP14, and adjust R27
(010 offset) f or Zero + 2pY .

N.B. Ensure that the DVM used for measurement
is correctlY zeroed!

Repeaì steps 1'4 unt¡l the readings are wíthin the

specified limits.

Connect Lo to Ohms Guard. Connect a shorting link
between TPl and TP3'

Transfer DVM Hi from TP14 to TP13, and check

that the reading is zero * 50¡rV.

lf reading 2 +50¡rV, reselect FSV resistor R40
to bring the reading within limits'
lf reading<-50¡¡V, reselect FSV resistor R39

to bring the reading within limits.

N B R39 and R40 must each be at least 100 kilohms.

Remove the link from TPI and TP3. Disconnect the

DVM leads, and the connections from the front panel.

The basic Ohms set'up procedure is now complete.

1

2.

3.

4.

5.

6.

7

I

TL'C'TL'B'Voltage on
TP7 or TP8

6.42
6.47
6.525
6.58

Select voltage closest to measured value
and cut links

FIG 4.1 REFERENCE SELECTION VOLTAGES
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4.3.3 OPTION 10 AC Assembty

Equipment Required:

SmV/Div oscilloscope. e.g. Telequipment D83'
5% digit DVM with Ohrni...g. oation 1065, 1061'
DC calibrator. e.g. Datron 4000 or 40004.
AC calibrator. e.g. Datron 4200.
Asymmetric signal, 1V RMS, Crest Factor 5:1 *O'O2Yo,

reversible polarity.

Select AC l00OV range and HOLD' Short Hi to Lo'

Connect DVM H¡ to TL7, Lo to TPB and note read'

ing. Select 1V range and adiust R121 (bias current) to

give same reading *.1O¡rV.

Select 100mV range, AC + DC and adjust R112

(offset adjustl for an indication of zero !50PV on

the DVM.

3. Repeat steps 1' and 2. until readings are within the

specified limits.

4. Select 10V range and HOLD. Connect oscilloscope Hi

to TP5, Lo to TP8 and adjust R90 (rectifier zero)

for maximum noise about zero. Remove the oscillo'

scope.

Connect DVM Hi to TP2, Lo to TPB and adjust

R75 (linearity) for an indication on the DVM of
1.8mV +1oo/o.

Select AC, 1V range, FILTER and apply 1V 500H2.

Connect DVM H¡ to TLs, Lo to TP8. lf reading is

+3.157V 1.0.01V Proceed to step 8.

Disconnect input signal and switch off instrument,
Make links TL1 to TL4 if cut. Switch on instrument,
reselect AC, lV range, FILTER and reapply lV,
500H2. Measure voltage on TLS. Consult Fig. 4.2
and cut links as indicated. Check voltage on TLS is

3.157V t0.01V. Remove the DVM.

Deselect HOLD and short circuit instrument Hi and

Lo. Turn rear panel key switch to CAL mode and

select ZERO. Repeat for all ranges.

Select 1V range. Apply 1 volt (d.c.) and note reading
on display. Apply -1 volt (d.c.) and adjust R50
(d.c. turnover) for same display indication + 10 digits.

10. This part of the procedure must be performed with
the high frequency compensation voltage, at J1-111
Rb7, at _SV +0.2V.

a. Select AC 100V range, FILTER and apply 100V,
S00Hz. Select GAIN. Apply 100V, S0kHz and
adiust C62 for a display of 100.000V +20 digits.

b. Apply 100V, 100kHz note error and adjust C61
to double the displayed error in the same direct-
ion.

c. Repeat a. and b. until 50kHz and 100kHz displays
are within +20 disits.

d. Select 1V range and apply 1 volt, 500 Hz. Select
GAIN. Apply lV 50kHz and adjust C63 for a

display of 1.00000V +20 digits.

11 Apply 1 volt 5:1 crest factor signal. Adjust R35
(crest factor) for a display of 1.00000V +30 digits.

12. Open circuit input. Turn rear panel key switch to
RUN. Select TEST and check for a display of PASS.

Turn rear panel key sw¡tch to CAL.

13. Select 10V range and apply 10V, 50kHz. Check
display is '10.0000V +'1200 digits. Check that the

display can be calibrated to 10.0000 +20 digits
by less than 5 presses of the AC HF key.

14. Select 100mV range and apply 100mV 50kHz.
Check display is 100.000mV -+-500 digits' Check that
display can be calibrated to 100.000mV +20 digits
by less than Slcresses of the AC HF key.

15. Select 1000V range and apply 1000V,500Hz.Select
GAIN.

16. Apply 1000V, 25kHz and check displav is 1000.00V
+1200 digits. Check that display can be calibrated
to 1000.00V +20 digits by less than 5 presses of the

AC HF key. Remove 1000V and turn rear panel key

switch to RUN.

The basic AC set'up procedure is complete

Procedure

1

2.

5.

b

7

8.

I

TL4

7

/

/

7

TL3

:

{

a
7
a

TL2

:
7
{

TLl

:

-
7

Voltage on TL5

3.157
3.174
3.198
3.218
3.239
3.259
3.280
3.300
3.320
3.340
3.360
3.380
3.400
3.420
3.440
3.460

Select voltage closest to measured value and cut l¡nks

F'G 4.2 OPTION 1O AC ASSEMBLY OUTPUT
SELECTION VOLTAGES
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CAUTION
The following procedures should commence with the HF

Autocal vottage close to-the center of its span' To check

this, select the 1OoV RC range and measure the DC voltage

at J1'11 with respect io fpS. lf it is between +4V and

+6V, it is NOT necessary to clear the calibration stores'

lf outside these limits, the cal stores should be cleared as

described in para 4.3.1 operatie¡5 (13), (1a) and (151'

CLEARING THE CAL STORES ENTAILS A FULL
,AUTOCAL' OF THE INSTRUMENT!

Before proceeding; ensure that at leastthe Analog Assembly

LIN and I5 Autocalibrations have been carried out'

AC Preamplilier Ze¡o

1. Read and comply with the CAUTION above

2 Apply short circuit input. Select AC + DC, 100mV
range and HOLD.

3. Connect DVM Lo to TP8, Hi to Test link K (TLK).

Adjust R148 (bias current) for a reading of zero,

*140pV.

Select 100mV range AC, and check that the reading

is zero, *140¡¡V. lt may be necessary to re-adjust

R149 to obtain this value. lf so, recheck operation 3.

Select each range in turn, and check that the DVM
reading is within *70¡¡V of zero (except 100mV
range: *140¡¿V).

Set up RMS Converter

Select 10V range. Adjust Rl19 (Rectifier zero) for
the most negative (or least positive) reading on the
display.

Connect DVM to TLH. Adjust R101 (linearity) for a

reading of +1.1mV410%.

Select 100mV range. Check that the DVM reading is
between 0.8mV and 1.8mV.

Select 1V range and apply lV,500Hz, w¡th the DVM
still connected to TLH. Remake links TLC-TLF.
Then after recording the TLH voltage, refer to Fig.
4.2 and cut the links (z) as appropriate to give a

DVM reading of 3.'tS7V *0.010V.

Check Spec Readout Frequency Flags

10. Select HOLD. Connect DVM to TP6' Adjust the

applied frequency and note that TP6 changes logic

state at a frequency between 1'8kHz and 2'2kHz'

Disconnect the DVM.

I4.3.4 OPTION t2 AC Assembty

Equipment Required:

: i 'j [?itîîil'; r';*:: J; ]ï :f;' iå u'ul % u'
DC calibrator. e.g. Datron 4000 or 4000A.
AC calibrator. e.g. Datron 4200.
R'v'..tiiJ' :ü;-iî" Fiüél' c"', Factor 5: 1 *o'o2o/o'

reversible polarity.

4.

5.

6.

Set Range 'Zetot'

11. Deselect HOLD, and apply 500H2 atO"lo/o FR input

to each range in turn. Perform ZERO autocal on each

range, using the instrument display to check that

ua"h tungt calibrates to 100 digits *3 digits' Dis'

connect the inPut.

12. Apply a short circuit to the input, short Guard to Lo

and select each range in turn' Check that the reading

on each range is zero *10 digits on the display (except

100mV range *30 digits). Remove the shorts'

7

8.

Gain-

1.090
1.084
1.078
1.O72
f .065
1.059
f .oil
1.O48
1.M2
1.036
1.031
f .025
f .018
1.O12
1.006
1.000

Cut Test Links

F

x

X

x

x

x

x

x

x

E

x
X

x
x

x
x

x
x

D

ta

x
x
x
x

x
x
x
x

c

x
x
X

x
x
x
x
x

TLH Voltage

2.887 -2.904
2.904 - 2.920
2.920 -2.937
2.937 -2.9æ
2.954 - 2.973
2.973 -2.988
2.988 - 3.004
3.004 - 3.021
3.021 - 3.038
3.038 - 3.055
3.0s5 - 3.071
3.071 - 3.090
3.O90 - 3.1 10
3.tÎ0 - 3.128 {
3.128 - 3.147
3.147 - 3.167

'lncrease in TLH voltage when links are cut.

FIG.4.3 OPTION 12 AC ASSEMBLY
OUTPUT SE LECTION VOLTAGES
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Set up DC-DC Turnover

13. Select lV range, AC + DC. Apply 'lV 500H2 and

perform GAIN autocal.

14' Apply +1V DC and note the displayed reading'

15. Apply -1V DC and adjust R62 (DC turnover) for the
same reading as in operation (14). (t3 digits).

16. Repeat (131 to (15) until all readings are the same to
within *20 digits.

Set up Coarse Frequency Response

17. Select 100V range, AC; apply 100V. 500H2 and

perform GAIN autocal. Apply 100V, 50kHz and

adjust C82 for a display reading of 100.000V f20
digits. (lf necessary change C81 to a value which
permits this adjustment).

18. Apply 100V, 100kHz and note the reading error'
Adjust C79 to give 5 times the error in the same

direction.

19. Repeat (17) and (18) until the 50kHz and 100kHz
readings are separated by less than 20 digits.

20. Select 1V range, AC; apply 1V, 500H2 and perform
GAIN autocal. Apply 1V,50kHz and adjust C84 for a

display reading of 1.00000V *20 digits. (lf necessary

change C85 to a value which permits this adjustment).

Set up Crest Factor

21. Apply 'lVRMS, +ve 5:1 Crest Factor signal. Adjust
R61 (crest factor) for a display reading of 1.00000V
430 digits.

22. Apply 1VRMS, -ve 5:1 Crest Factor signal. Check
that display reading is 1.00000V t30 digits.

23. Apply 1 V, 500H2, and perf orm GAIN Autocal.
Repeat (211, l22l and (23) unt¡l crest factor readings
are within limits.

Linearity Checks

24. Select lV range, AC + Dc. Apply 1V DC and perform
GAIN Autocal.

25. Apply 1.9V DC and adjust R27 value (Factory Selected
Value - FSV) for a display reading of 1.90000V
16 digits (reducing R27 increases readingl.

26. Repeat (24) and (25) until both correct.

27 Select 1V range AC. Apply in turn 1V, t00mV,
10mV, at 500H2 and check that display readíng is

correct to within t10 digits of the input voltage.

28. Apply open circuit input, set CAL/RUN switch to
RUN; press 'Test' and check for a display of 'PASS'.

Output Buffer Check

29. Select 1V range, AC + DC, no filter. Apply 1V DC and
set CAL switch to RUN. Use the 'A-B' computation
mode to null out the reading: press STORE, B, then
(A-B).

30. Select filter. and leave to settle for at least 30 seconds.
Check that the displayed reading is within *50 digits
of zero.L{Þ

31. Repeat (28).

The AC set-up procedure is now complete.

t : , . - '....,r. 
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APPENDIX 1

ANALOG DATA LINE'F.E.T.' PATTERNS

DC Voltaga

AC Voltage

I

$.C 
assemblv

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

0

0

0

0

0

0

0

0

0
0
o
0

0
0

1

1

1

0

0

0

0

0

0

0

1

0

0

0

0

0

0
0

1

o
o

0

0

0
0

0

1

1

1

1

0

0

0

0

o

X

X
X

X

X

X

X

Range

1

2

3

4
5

6
7

100mV

100mV

1V

10v
100v
1000v
1000v

DC Coupled AC Voltage

AC assemblY

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

0
0

0

0

0
0

0

1

1

1

0

0
0

0

0

0

0

1

0

0

0

0
0

0
0
I
0
0

0
0
0
0
0
1

1

1

1

0
0

0
0
0

X

X

X

X

X

X

X

Range

1

2

3

4
5

6
7

1@mV
100mV
1V

10v
100v
1000v
1000v

DC lsolator

AoO ADf AD2 AD3 AD4 ADs AD6 AD7

0
0

0

0

0

0

0

0
0
o
0

0
0
o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

o
0

1

1

1

1

1

1

1

1

0

1

0
0

1

1

1

I

0

0

0

X

X
X

X

X

X
X

Range

1

2

3

4
5

6
7

100mV
100mV
IV

10v
100v
1 000v
1 000v
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Ohms

DC Current

AC Current

DC Coupled AC Current

Ohms assembly

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

0

0

0

1

0

0
0

0

0

0

0

0

0

1

0
o
0

0

0
1

0

0

0
0

0

0

1

1

0
0

0

o
1

0

0

0

0
1

0

0

0

0

I
1

0

0

0

0

0

X

X
X

X

X

X

X

DC lsolator

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

0
0

0

0

0

0

0

0
0
0

0

0

0

0

0
0

0

0

0

0

0

0

0
0

0

0

0

0

0
1

1

'|

1

1

1

X

X
X

X

X

X

X

Range

1 loo
2 1ooç¿

3 1kç¿

4 loks¿
5 looks¿
6 1Mo
7 1oMo

Current assembly

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

0

0

1

1

1

1

1

f

1

0
'|

1

1

1

0

0
0

1

0
0
0

0

0

0
0

1

0

0

0

0

0

o
0
1

1

0

0

0

0

0
0
0

X

X

X

å
X

X

X

DC lsolator

ADO AD1 AD2 AD3 AD4 ADs AD6 AD7

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

X

X

X

X
X

X

X

Range

1 1001-lA

2 100¡lA
3 lmA
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1
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1
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0

0
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0

0
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0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0
o

0

0

0

0

0

0
o

X

X
X

X

X

X
X

Range

1 1001-lA

2 1001-rA

31mA
41OmA
5 100m4
61A
71A

Current assembly

ADO ADl AD2 AD3 AD4 ADs AD6 AD7
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0

0

0
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1
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0

0

0
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0
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X

X

X

X

X
X
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ADO AD1 AD2 AD3 AD4 ADs AD6 AD7

0

0

0

0

0
0

0

0

0

0

0

0
0

0

0

0

0

0
0
0

0

0

0

o
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0

0
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X

X

X

X
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3 lmA
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Ohms assemblY

010 10001

ADO ADl AD2 AD3 AD4 ADs AD6 AD7

Option assembly

OOg0O111

Not used

60011110

AD4 ADs AD6 AD7
AD2 AD3

AOO ADl

o
0
0

0
0

0

0

0

0

0

0

0

o
1

1

1

1

0

0

0
0

DC lsolator

10

1

10

Range

Checked

I

ko

AC

DC

Function
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No,
PE.

USED

I

I

2
2

2

tuc/t/r i s

MANUFACIURÊR'S

E

PARI

27 E 2t2
27 e 2t=

P
M?S

PR I NCIPAL
MANUFACÏURE R

DESC RIPI ION

SLrEvÉ MAYde'c ó ?,.t:--

ktA{ *c(€f 4?øce Èt ú¿ou

r?4

DAT RON
PART No.

5Sôoôl

DESIGNATOR

-641or 423.2o2ãY

-ÍPt/6-s lt

MHN
-.___ 14E€Þ-

e.ô_NÀ¡,gçf_eEÉ. _

fr'lç
?vÊ

:lrÊE_____. ,

J,I

4

-f

I

jrl',r
I
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r PuJG âüEL À,{ô{Jr.Jf P\t€
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G KÑ,

14 wÀY ÞrL sòCe(Él

ùDFF NVt¡r¡ MSx t9 TeA4stprLLAR. l^/.K. E_Lg¿r

M9j€X. --__ _

waY Ê?Ê!eT
A6TeALùf ôq, üERMYTJ

¿olJNEC,fõR.,5

CôNuE-c.Tôe

,MN
MLW

i6o-599?.
laosoco'i------ -.

I'CIIc€4
t

tGIlOo-7
'.GtlotG

i
,cr2020

iCooSosT

IGoGæIi- -'-"
;Go@o2
ic-oGæ ;$1Aó-HE!

_L. ô¿!:!_r!c... .tlêr2Þ
t'.'J_Uf ...... .

1.*.øú
!-- -.-
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I

I

t
l

:

I

I

t.

I
-t

I
I

i"lts_i
i:.' :' ;t.,.,,1
Ft,,, I

ô:ol t s

iL, l,lt{ I l¡ti)A' Àrl rìì,t5.¡l l-l:l,-'-e
El.l-

-j:1r-!Ð

2
z

úæÉ.
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2ôC2æ
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No.'tltS(.Ê !'ilrlÀ¿t)F SI{JN A'TU¡ì USÊ DI MANUÍ Acl URER.S
;PAtì l No

PRI¡!ClPAl
MANUf AI:T URT R

D^ì RON
PAkf N(ì

I B?UMFrELò

ZrÉ PLA'19
I -.

c'|3Oo5 r3

côM

H€I

:---,V3-,--::----: -

/ *g.7"4..7. Glr\I Þrsr€JBrJ:ro-¡gs-,!1r {r-lg M3 ¡l¡

?18 eø 2eæLI?o

- ,,.-.. -i _,

âTEEL

LATESI ISSUE
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ùtJ.on .ffir'
NOTES.

SEE SHEEI
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NOTES.]T ÔNLY E€ôUEÉ.Þ WHEN MI ÄLTÊÊNAYIVÊ
ccT Þraê. ¿3030ô

Þeac ¿6oA06, cÈæK Lr6f ¿fô3OB
SEE SHÉET 2 FOR LAIESÍ ISSUE

NoT€S.* Mt aL'rÊ¿ua'tNÉ zaæZs (uvro) datren
AUALêG|JF ÞIJTPoT
PcË AssV

3 o'4

??-il-18
SEE SHEEÍ 2 FOR LATEST ISSUE

t3 useD

*
I

I

2

I

2_

USEO

aõlôPG31Pô-lS 4<6æs

',zAõ AF lP t(nL

I

7Zx\nf
cR,2á
MY rz-q

MY ¡zs

CÞlOK3lNôÕJs s3<.ffi

MANUFACTURER'S
PARI No.

VABGSÕ

l'f'l

lfl

MIJLLARò

BE¿KMAN
M¡N I ÂPÀ

MAÑÑ

PR I NCIPAL
MANUFACfURER

Mr I r Àpf\

Ò.òluF 250v ¿€t¿ brs¿
O,ÒluF
aa¡Ê q¡mr/ cF? Ét<Ò

a3 ¡F rr

¡.t,,ç 2o'A ?q()J Pùt€srEz

tr

lKõ 3/a <ô Vø¡err Por
¡¡av <,7^ VÁtú -¡€Êòrl
zl u sl o.l'L u./,ec \^/ódrJD

loK o.17. W'r: Wooub

OESCRIPTION

tkô s'L t/1ul ¿AÉBoñJ
À|<a t rl

ÞfC THERMISTOE

roilcl3
| õ7 71()
tõ2a<õ

r r ¿1a)t-a

-aõtt A

Ò1æGCô

lôl ,Õ3

DATFON
PART No.

^ñtõ7
ò6æ2

a?
(1 *
a4
4,5

RA
21
Þe

c-l

DESIGNATOR

Rt
Þ?

R3
Þ4
R6

û¿tron
AUALOG¡JE ÔUf POf
P¿6 AssV.

? o,4"*"" 40o30ô

??-tt-.7a
c{c..o lll-È...ì

to.9.79
E\

2

n.t2.tø

2

5
I

50--
.5ô-.-

lil
I

No. USED

?

Å13 Y 2o¿¿ BL^¿¡<ftELáÌf

M<3

t\t5-a4?

uA-l4tC
t t^7tzÃ

MANUFACTURER'S
PART No.

Ma:rnenl I

FAIR¿I.IILD
NATIÔIJAL

PR I NCIPAL
MANUFACTURE R

PUTF.<ff-ÉET

-l /.? ovc ,l<rr (g.r¿<) w,.¡
I1.2 pvc rr.rsr¡c /Peo) w¡æ

sLÉãvE ì.tte cj.sl-Ê ó 3.O

Swav ßo¿(Ef
I wav PoLaRtãro ¡ooref

ôÞ -ÀvlÞ
ôÞ ÀMÞ

Þo B.

DESCRIPT ION

rôr/ (.^r TFNIFP

roV

4fit86 -l

5.lal2 ?2

ssañ/.lt
dÒ*)Õ?
àô3ò4,2

?r^õÕñ2

4Õñ31"t/4
4 tô tr¡r- a

5toôoo

DAT BON
PART No.

213001
2t 3atô I

JI

Mr*
l\/l?

DESIGNATOR

NI
N?
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No. USED

I

4
2
B,
5
t.

4
4

NOIES.JF Frftb ar F¡\taL AÊôÊMBLY

sEE SHÊEt 2 ron lAIEST rSSUt

ú¿tron
AñAtoG(J€ ôOÍâJ.r
ec6 AÉ:',f.

4 -4*-."40030et

2a-tI--7A
Rrlç

MANUFAC-f UNE R'S
PAtìt No.

MHN
MN

LCBs-t4e.
,¿2lo*,

C3o
M5P.

PRINCIPAL
Àl^NUF^C-f Unt R

Pfe ôN^JÉ¿AõR3

,YLôN/: RTCHC-.o

HARwl{

M r¿Rov.A.f¿

PY€ CoÑUÊcTÞeã

DE SCn tPl r0N

LÓ¿KING Hæò

NUT
wASr+ÊR

STAIJÞoFF t¡c¡(rN6 aeç 7/ø 
,

ÐLO¿R PCg TFPMIUAL LUõ

IN5ULAlIÙG BÊAb3 laaaattE-

TEST POIdI TEEMIÑAL
5 WAY ÞLu6

Sceew Posr-P¡u M3x8
SHÄKE hôF Wjê¡lER M3

t)Al noN
l'^Rl llo.

øoGæt
6ÒC¡oÕ2
60CÞAô3
bt?otz
à2Õú3

G2ooo7
'ø04&
'þnOlù
6tzØ5

IJTSIGNATOfI

+
jr
)F

i

' i. ,, ..:.: r'
.. ..11. ' . .: ',
. ,.:. ',i::¡i_.,.. ,



No. USED

t5
4

l,

3
?

t2

.,

2

g
z

NOTES. ¿¡gsJ¡y D¡AGRÀM ..13O324
cHÉcK P ßoc€õoRE;4 Go32a ú¿tronLrs-r =4'¡çs?e

SEE 2 FOR LAltSl |SSU€

106I ANALOGDE PCB
A33gMBLY.

i3 t4 ls t7

?1. äxä 4æ32u z'äzq

MANUFACTURE R'S
PART No.

cRZS

cQ25

HB¿

cRes

CRz3

ca23
eç-.U--t(x)-cA
ÉE-ô.tcn -a¿

12?
cR25

't2 ?

PFINCIPAL
MANUFACTUSE R

MULLARb

d

M ULLARD

11.\t ar-)

Milt I ÀPñ

ACI
ACf.

8ËCKMA^r

MULLARD

e,æ.R¡,4 ñ

DESCR IPT ION

roor q.¿ 7¿w cARBol\J

tÕoR.

ra)a)R I

t tn t.;/-

8K? ¡

tzv¡-t t'L c¡-^^ úF
l3Ko
roôn 5L Z4W CARBÕ}.J

Nô'r llsFb
rÒÕR s7 /¿W c¡egoxl
trSV
4k7
lt-)õlr

^k7trqv
GK74 t'/^t5"Â.- Mtr
4K15 l'/o tSooø úF
PART oF (rf h,/lTH Þ59
ÞÄ5 ôÊ (rr wrTH òGô

2OK tro-T CERMET .
rê?(5t" V¿V CA?|t¿cN

SOOK POT cE R¡/tE T

DAfRON
PART No.

ffito4
ôô¿ltô I

oôô lô r

ôæ tos
(tf\A22
õtta()2
o¡ t-< ci?,

rñ-)rôl

06rol

(Ín472
ooo l04
æÐ472

Ô5cl.)3É
o3oo37

ú32o3
ô'ôôrô4
ooorôz
0635a+

DESIGNATOB

RI
P?

R^l

R4

R5

R6
R'7

RÊ

Rq

Rlô

Ril
Rt2
ar?
Rt4
Rt5

R16

? t-!
prA

Ptq
R,?O

R?I

R2?
R23

2

3
7
a

3
I

3
2

2

2

No. USED

z

I

HB¿

a,R? q

cRzS

ççõ'tæ c4
FÉ-O.rO-64R2-F-c+
EE-O. tO-4.R"-F-C4

ÉÉ ô.tæ o4

MANUFACTURE R'S

PART No.

dcr

Acf

P R INCIPAL
MANUFACfURER

MULLARb
Milr r ÂRt,

lk8 5L t/+W C,qREoN

A?õ(5'I t/4W cARaÕN
tk2 3'1" t/4w cARBoN
tM.A t()L r/4w c-ARcôñ
zmz s7- t/aW caesoxl
?K" 57- l/¿w c¡esoxJ
ra)R

roR {

41K
3qK
47K
IK
roôk

5
RzSR l'a 15..^ Mtr

NOT USÉD

ÊGP l'h tsppn MF
9-7eG lA SÕpea MF

Nòf IJÉTÞ

ñôf usED

DESCR I PT ION

osÕ3t
Õtq-7c-a

affrrÊ2

DA'T RON
PART No.

c\--}-'\t? ?

ôoolês
6¿¿219
(YX12? 2
oôoroo
ooô,oo

mô3c3
6ô473
æolÕ2
oooto4
oÕôtôL
cfñs62

MF61R?

æRz t/. %ow rs!þ- MF

R32

RU
R3s
R36
R3-7

l, oEooylR3ð
R3q
RÆ
Q4t

R42

R43

R44
R45
R46

DESIGNATOR

R24
R?C

R?6
R21
R?A

R3Õ

R3r

NOfES.

SEE SHEEI 2 FOÂ UIESÍ ISSUE

û¿tron ,,rc.o,6r¡o

lo6l ANALoG,{JE PcB
A55EMBLY.

3'i:þ44æ32e

t2-7-'f8



No. USED

IL

4

3

G

I

2
2

I

HB
ca,L8

MANUFACTUR€ R'S
PART No-

cRzs

PDLCÃ
MULLARb

PRI NCIPAL
MANUFACTURER

lr

lllcor i

220R' n

a20R "

sGKilf
2K2 f

rMo rô% /¿w c¡reou
rMO
22ôe.5'A t/¿w c¡.esor.l

lK qI. t/4v .aR?Õñ

lõK
5K6
ac*.< t'/- þ"o^ l4F
rloK 57- /ey/ c¡zø'-t

DESC R IPTION

lôR s'L '/4w . ¡çBot
rôk
rôK
toK
roR xt

330K
a3ôK ,

33ôl(
33oK { r I'

CñII4

Õo334
ocô33.+
cDô334
rrYìrô4

arñ82.1
-@321

ôó563
6ô222
ffira)s

oôal rô3
Õæ221

! "or uueo
oooto2
cÐôra3
cfj.)s62
ôlèÒæ

DAT RON
PARf No.

crbtòô
@to3_
af-ñrô?
crñtô3
(YÐtÔô
ôax13.34

R6q

R54
RS5

R5/,
R57

R5A

R59

QØ
?.Al
R62
R.63

Ræ
R65

Ræ
RA7

DESIGNATOS

R41

R4ð
R4q

R50
R5f
eq?
R53

ú¿tron
IÓ6I ANÂLOGUE PCB

A55FM6LY.

+ ",24""''"4æ32e

t2-'7-'7A
NOT ES.

SE€ SHI81 ? FOÂ LATEST ISSUE

NOTES.

SEE SHEET 2 FOR LATEST ISSUÉ
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I

2

2

I

No. USEO

cts2261
cQ2s

il

HÊ

c-PzS

ÊE O.too-c-4
HAC

MANUFACTURER'S
PAFT No.

Hê

MxrzS
c,e23

T

I

Í

t{ôL¿ò

PRINCIPAL
MANUFACTURE R

,r)t Lf'\

MA.ÑÑ
MULLARb

r¡

lr

,ALLEN BRADLÉY

M ULLAR b

il

il

IÃK'7 I

4K7
4K'l
l3q.a fl- Yeur M F

ñôT ri<Éò
4K7 SZ Yav <^?Ë;oxJ

ilôK
ÑCI-USED

MFtc6Q l'/"

NòÎ UsSh
NÔT USEb

OESCRIPTION

€ô6R l'/.5oopa f"1F

12 kô lZ lo"o- V\¡J
4K'l 52 74w cAPs,ôñ
1c)(
2ì"1-l n

SMA il

toM roz Y+v cteætt.
ul4 il

4-tK s7. t/+W ceqrct')
3r€r
lôoK I

(YY\4-72

úY*12
affi12

ô r r3'ìâ

(ñ+-72
ôóÕriã

05003t

oløo60
al7ôr r s
õcÕ412
crr)lô3
ffi275
ôcÐsêq
æIQG
@22G
ôoô4-¡3
æñ3q2
oærÒ4

DATRON
PART Nô.

R62

R.As

RB?

Pqa)

Rcr
QC?

R74

P-75

R-IG

R1-l
R7B
R7C

Raô
RF\I

Ra3
R84

Ræ

DESIGNATOR

R7ô
R7r

R12

P-7?

úatron
IO6I AÑALOGOE æa

Á6,5EMBLV.

5 *2.1"*'^ 4æ32ð

t2-7-1e
"* É.f
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l se¡

4

No. USED

2

CP2A

.tfYP€, CC

¿

MANUFACIURE R'S
PART No.

cKzS

HB

cR23.

cR.Z3

MANN

MrJr Ii.Pb

ÀtrÊl\J BRAbLÉY

MULLA€b

MULI.ÂRb

PRINCIPAL

MULLARD

HoLc.o

q(
IK
GKg 5'1" t/¿V c.sc.ø¡.t

tt'4o lO7. '/¿w c¡teo^l
2M2l l'/.tm--cE(MÉ.T FILM

lM l'/,lrxy.^.cer¡'t9t Pttu

rôR 57" '/+w c¡eeor-l
lôÊ r rr

21L^9. I
a,50R r

?,7ôR I ¡

{2k2
)kz r

IôTÂII ÄTTÊÀJ <FT
tô(Bll .

12ôK 57. r/¿\,/c¡teô¡
lk n

rÕM to"a

l41K l% !Ðpon l{F
Nôf UIÉò

Nôf U5EÞ

4K1 57"

4K1

DESCR IPTION

t4
ô4too4

@222
ôqoo38
oqæ38
oqoÕ38
Õqôaa¡B
aY)o6à2
oootc)É

oÅ413

ôÒo472
ooo412
ooolcD
o,ôoloo
æô211
Oool5l
oæ27t

OATBON
PART No.

oôÕt24
(T]/.)tÕz

ctÐtõ6

Qtt2
Ril3

RttS

Qto6,
RtoT
RIÔB

Rr rO
PilI

R96
Rq7
R9a
Rqq

Rrol
Rtãz
Rro3

OESIGNATOR

Rq3

Rq5

NOTES.

SEE SHEÉT 2 FOR UTEST ISSUE

ú¿tron
Ìrrta

106I AÀJALOC'Uê' rcA
AssEMBD/.

øTz<

t2--l-78*^'" 6.f.
e

NOIÉS.

SEE SHE€T 2 FOR LATTST ISSUE

ffiffi,l.,, 
tlt '',rr=., ' . t. i,,..'

DUSENo.

z

2

e.

2

I

I

2

2

I

3

MANUFACTURE R'S
PART No.

cR 25

t

cR?s

H8
c?2s
HA
cc
cC

.,?25

PRI NCIPAL
MANUFACIUR€ R

MULLAE\

Plt.ttrR

MULLAßD

HÒLCÕ
M ULLARD

l{ar aa)

ALLEN BRADLEY
ÂrrEr.¡- Bn¡,bugY

T\4ULLARb

¡

DESCR IPT ION

I M s'/. t/<w cAÊÊôñ

21K ?\J .^Ehrr Én M

21K
2?K

22K '|r

zuz 5/" /¿W c¡saox i

t2t( l'/. Soepa ¡'1F

?t"t? s'/, tAw cARaoN

3K65 lZ 50 eeat4F
tovo 17. lzw tooppa cF
lzvt t7. t@ pt¿ cF
221.11 ', tær"ñ
3KG 57o Y+YJ c-azøxt
3KG ¡r {

I

I'd

390K i ¡

3M9

2M'|

??Y
lM2

DATRON
PART No.

æorô5
ôôórc)q
ôo-)ra)s
CL\*'tt?
r].>*tt2
óaoll
af)earr I

ôcJõ225
ôn?t3
ooo225
a)13¿51
c)4- tôô¡1
e27t5
ô422t5
õa\<) 7

ooô3ø2
r:btôs
brô6
Oôô394
oo ô 275
ôo o 395
ffi2?3
ooor25

RI?G

DESIGNATOR

Ril6
Ril7
Rllå
Rilq
Rt2õ
Rtzl
?I?7
RtZ3
R.t74

R.t25

RI27
Pt?P,
Q0q
Rr3ô
Rr3r
R.ßa
Rr33
Rt54
Rr3s
3.t36
Rt3"

r3B

datren .!,s.ñd,Þ

loøt ÄN¡looug rcB
,{55EMBLV

I n?4'*" 4CO328

t2--l-78
"". ßJ

fc;tato

l^r.
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No.
Paa

USEO

I

I srf.

I

I

NOT ES.

s€E sHEÉf 2 FOB LAI€SÌ lssuE

úatron
IO6I ANALOGUÉ PCB

AssÊMBLV.

ö -244æ3æ

t2-'f -1F'
t5.J

(l

MANUFACTURER'S
PART No_

J
c.Kz3

c?z=

-7ZP

H8C

Hß
ce23

c-3.2-S

17P

ae? q

PR INCIPAL
MANUFACfUBER

HOLCO

HOLCO

MULI-ÄRb

MANN
MtJI I A'Êò

I

RÊ¿ l¿MAN

MIII LAPò

DESCRIPTION

oú336 las¡,t ro% Y¿w c¡Bøoñ
lêM M^fcr¡ÊÈ' PÄ,r?

IBM
?r1 57" f¿W cnneôu
3M3 - lovúJuPur ¡rrGU. ÉET

roR 57" t/avJ c¡eøu
rôe ¡

2U2 { a

7KS

tar)( tôMl¿t¡iArr affF|l <Ef
aM3
2añ( Q.ft a,ç.?lalÊT

2ú PÔ.Î CEKMET

lAvT t'/^ t/aw t4F

G)( q'l- t/l¡,J rAzeôlJ
2?õ?
8M n, !.!M-QrNArr ArrExl. SET

IOK S'L '/+W c .RsôN

ak3
IC)K Põ'f CEPMEÎ
5æK
roÕK 5% t/4w .*AzæN

rooe l% røe lä.Jåé

DAI RON
PAPT No.

ôqcr).4q
ôqæ49
cñ2-72
ôqañ3q
ôôorôô
alll,l l ôêr

a\òa\2 2?
ooÕ752
ôqrlô3q
ôqôo3q
Õ632O+
.{-a7õ\
ñilôôô

anBz2
ooorô3
(xY't??l

Ôqaôact
arYìrr\ a

^.ñ3<7
G3t03
(É3SCA
ocoro4

DESIGNATOR

Ptìq
2t4õ
Kt4l
Pt42
3.t43
3.144:

Rr45
P.146

Pt4-7

Rl48
Rr4g
Rl50
Prqt
QIE2
Rt53
Qta4
RtSS

Qt5A
RrsT
Rr5a
RrSq

Rt60
?t6l

2

I

2

2

ño. USED

il

r,¡¡¡¡Ùracr uR E n'S
PART No.

S

f

ll

PF I NCIPAL
MANUFACfURE R

f

Ilr

ll

ll

I'

irl

oF

DEsc Á rPTtoN

Vq

took
rook

rc770

4

5

DATRON
PART No.

R

7

g"Izq

úatron
IO6I AUÄToGUE rc.B

AssÊMsLl

Sl$lf 4OOa^q,

r2 -'t -'78
INOTÉS.

SEE SHEET 2 FOR LAfESf ISSUE

OESIGNATOR

R

t65



I

?

?

I

I

No. USED

L2t6

CR.2É

H8

CQ2Ç

Hß

PARI No.

cRzS

MULLARb

MULL.A R Þ

ll

il

lloLco

MULLAR,b

lJoLc.ô

PRINCIPAL
MANUFACfURER

M ULLARò

IM
IM
g-(.
tc)K

22R s'L ¡/¿vJ ¿¡eeor.¡
't u7 'r

rÕK I'A t/ÁvJ M.F

lo3. 57" o.zvJ c^,K.þx)

tôR
B2:)KSL t/AvJ c-eeøp
tc)l¿

,lla)ôr-

tÕ( ¡r f

qeõP

s(ÐR j

rM5
tÕôK I

tztK t'/: YBW M F

5rKl

OESC R IPTION

21Q E't- /¿w ¿neeôNj

Cñø24
ar)ôró3
(ñtÕ+
ÔæIÔ5
ôoôto5
ooo5ó3
(::rÔto3

arñrc5

arzt3
or 5 rr2

wt23--
@?_22--
Õuæ2

(f]r)710
(rclÕ4
(Ya)222

a:f-n rar<

ôc)a)56t

00ô561

OATRON
PAßT No.

3.Zo-7

82Õt
R.2c2
R2c3

RZas
e?ÕG

R.rq 3

RlqS

RtqT

RIF-á-

I

PIBR

Rrqo
Rlqr
?tq2

DESIGNATOR

RIB5

NOtES.

sE€ saEET 2 FOR LAf€Sl lssuE

NOTES-

SEE SHEÊT 2 FOR LAIEST ISSUÊ

úatron .Lrc,iø6 (,o

lo6t AryALoGlrç
ASS6MBLV.

rc-q

lô *214æ328

t7 -7 --78

rg¡

I

a

z

No. USED

I

EÉ.'O'lcÐ <4
È8.Õ.tæ c.4
Fç -(¡.TN CA

MYI25
c,Q)q
. a74

a3P laz K

.-Qqs

H€c.
HøC

cR25
¿R2á

MANUFACTURE R'S
PART No.

cR2S

MULLA

Àcr
AT-T

MULLARb

t.¡tlJt r APb

fE(46
MÙLTARb

HOLC O

HoL¿o

PRI NCIPAL
MANUFACTURE R

Mrll I aPl't

Ncrf 05ED

ñof usED
NOT USÉÞ

l?KO l'/o tOpeø W
21OR. 5'1. /<rn/ c¡eeox¡
?-7ÕQ 37o t/4 v,t .-Þ'RaoN

NOT USEÞ

P.'f.e. Tp'ÉEt'¡'t5-fo?

22.Ò1.

t20k.

2zôt<

ezxt fl. law Sopp^ ln.
zzxt tZ'áw Sopem llF
z?K S'L 24w.C¡nBO¡¡

w c^RaoÀlL

DE SCq I PT ION

33K q7- r./4VJ CAREôN

54,K
IÔK ¡

8?5R. 17" t5oo^ MF

Øõ224
l?4

Òoõ224

ot22t2
otzzt2
oooz2a
Òoô4?l

DA'T RON
PART No.

ooo333
ala)ô56, ?,

a)cñlÕ3
a)qôôãß
ôF'aY\?4
o5æ37
ô7Õil5
ooô27r
õ(Y'\?1t

æ224 lzzor- s'/. '¿w <åR6oñ

Q2IA

R?tS
Qtta-

e.2t-l
P?IA
Q?tq

e22Ò
?22t
P?22
Q?71

et7Á
ß.125

R72G,

R221
R?29

R??9
R230

DESIGNATOR

R.2æ
Q? tît
R.2l I

R2t2
R.213

datron ¡.¡È.ù,6,8

IÕ61 ANAI.OGUE PC8
ASSEMtsLY.

ll -24*'* 4æ328

t2--7-78*^" BT



t2

I

I

No.
Par

USED

KtôÉ.25

c&?s
cRe5
¿R.25;

764-t-R3.3K

Kro

cR25

cA2.5
z3

cR2s

9Re5
cReS

MANUFACTUREN'S
nARl No.

BECK}'1AN

¿AÊ8rÀÉ
Nlôñ

l\'4IJLLAF\Þ
MULL¿\RD
MUt
MULLARD
MULLAÈÞ

PR I NCIPAL
MANUFACTURË R

MULLA D

MULLARD
¡4U

T4ULLARD

R-ER N

P fANf
26\t 6tP 'rI

bl5co.5

7Áw cARaoN
NR

w cr\c,gôb.ttoK

3K3 sIL NETWORK

W CARrooK
USEÞ

CARBONrK 57.

rK 5'l Y+w c.AP.
W CARBON,K 5

t/.'/¿u x MF

C/âRBONtoor. 52,
ONr K 5'1. '4w C¡'F.

DESC R IPT ION

r5
I

ooo33l
çr6rolo3

090050
o5oo42

oooro¿
oootoz
oooto2
ot6t
ot¿,t
oooto4
aootoz
oo0412

OA'f RON
PART No.

oool

ANZ

CL

ûatrnn
tôGt AÑALôGÙE PCÉ

AÉáY.

t2"'

29: lO -19

a rÀ. Y(Ârr

NOTES.

SEE SHEET 2 FOR LAI€SI ISSUÉ

RZ4l
P?42

ANI

R234
R23S

R236

R23ê
R239
R?40

DESIGNATOR

R23t
R?32

33

G

+

I

I

I

1

3

l

No. USED

KlôE2'S

I

Êol
Kø€.25

eo.l

æl
PHEAIz HFK

FKC2 MIN

A2e68ilB
æl

MANUF ACfUR E R'S

PART No.

r(loE z5
RC)r

KtOEZ5

€

PRINCIPAL
MANUFACfUR€ R

[JÑION CAßBIÞÉ

3C-l

bv cER Þrs.c
Dt5¿z
Þ¡sc:,C

c.ER ÞlSC-

tõuç

4-7oF fuv cER òrsc

tÉ.

C.É< Þr5e

2oÒ/o toov PotYcAß8'

4
5

I

ERIE
ASH

c€R.
5v

oÊscB I Pf loN

4
'/, zs'l T

rôl ro3
tÕilÕ3
t5ú2D
tÕ? 41 I

to2tol
tÕ21ôô

tw20
lqaìô7ô
lõ2¿1õ
tct241Ò

toztol
t5æ2Ô
r5æ20

tqar)2c)
tÕ2171

150020
tsæ20
tô2 tso
lL(YìtA

DATRON
PART No.

c23
c24
c25
C,2 C.

CI7
ct8
a,tq
a,2õ
a,? I

ct3
ct4
cr5
clâ

CS

C6
c1
c8
Cq

DESIGNATOR

4,4

NOTES.

SEÊ SHEEf 2 FOR LAfESf ISSU€

úatran
¡O6I A\!A.L-E,()E rcts

A5ãÊMBLY.

t?--7-78

___f*

fu*'



No. USED

3

2

2

2

2

MANUFACIURE R,S
PARI No.

C2æ) Aç / pt,.nv
cDro

r?æAF / etaot<
KrôE25

a)ta^ - la^4ao,

ot6- 11339

o16 - tôtog

c Qtç

ÉRr É

MULLARÞ
ER.Iç

Mr ìl I ÀOñ

MULLARD

LJI\JION C-ARAIòF

MULLARÞ

MULI-APb

PRINCIPAL
MANUFACTURER

41ÕÞç 51nv ¿ER D|SC
o-luc lo'/. 25f)v R:rvrs'ffR

t^F toolsoov cER Þ,5c
?AeÍ Õç ÉtÍ

o'!"q to7 LfuV Powçs:ree
IÔIF 2o.L 25V DIP TANT
lÒ{É

4-7^rq-73v AJ F-r tra-T
41uF 25V
13nF 4ÕV
33uF 4)V
touÇ 63V AL.ELEÔT

DÉSCRIPT ION

ò'õlttÉ )Qw açP Ét<î

4-7,F 5(ÐJ .'

41pF 5æv -

Eh

F

Ò,r1lnÊ 7êÕv .lA ñ't<C-

o-lpÇ toT 2þv PoLf€í1' Él

2n2F ZoL roov ÈLYG^EB

tôr ta)a

lÕ241c)
lC\2 4-lô

lÕr rl.ì?
iloo¡3
lôltal?
t2@t6
to24-7 t

llaÐt3
lo2toz
44ôrt61
44îña^1
44 ôôcâ'1

ltoÕt3
tSaf-t2aJ

t5(Y)2Õ
lB.xrr-
tðarv-ç"
tP'ú)?7
tðcn22
tR¡(f)24

DATRON
PART Nô.

c40
c4t
c47
(a4
a44
c.4q
a.4a
a.41
c4a
c.4q

DESI6NATOR

c21
c2a
c2q
c3ô

ttl*>ozZc3t
c32

c34
3c3

c35
c.36
c37
C.3B
ala

f
#

HI
i, l

H'

#
tr¡
:I
ltl

tr
dJ

!-:ì
i¡

#
#
tJf
fj
É

NOTES.

S€E SHE€T 2 FON LÂTISI ISSUE

NOTES.

SEE SH€ET 2 FOR LATÊSf ISSUE

ú¿tron
IO6I A.\JA-C)GUE F¿g

¡s'i,'Þc

t? --7--7A
"'^-'BJ

T-a.co

Wii't..i'.. j:.:,-,' ',', :'' ",t'.,t.,'',,, , i- : :'

fri. .. ,t, .i, ',11 ;', , . - 
', ",iirtt 

-r.r,1 

,'¡ ,.- 
t--

ù¿tron
IOéI A\JA'--CG\JE æB

AsÉEMBLY

14 -2a40C32e

t? -'7-7R

I

I

I

z5
2

,9

No. USEO

?

âalt

.zsA,E/ezZu
€ôt

KI RÔ835
H<

Eôt

cDto

rñ4584
qZY AAC
tñ4584
BzlÀac
rN4{4õ
lN45ÊA

PART Nô.
MANUFACfUR € R'S

Òta-tatæ

ERIE

ÞAfRÞTJ.

rlñJtô|.1 cÁRBt5Ê
SUT: LEX

iEÊIÉ

trl

trÂrPr ilrr ò
MÜLIAR,Þ

PRI NCIPAL
MANUFACTURIR

Mr)r LaRFr
tr?ttr
MULtARb

5l t.ru., rËÀ(ÀGE

tôuç 63tt AL.ELECT
o.ol-F ?sôv a-F? Þ.\lqa.

õ{;22uF tc;A L5Ðv Þo.uro*
500v cEP blsc.

3n3 F

PAef ÒÇ Krìr-

l,,c 2o'l^ 3qv nrprÂ,ñtr
lStFtltF l6OVÈLt<ttcc.t

trKS

NOT US

33

2a2ç søl LE? òt:r
NOT USEÞ
NOT UsE.Þ

tnF @f SOOV cÉ,R,ÞlSC
NOT USE.D

Si L.ÔW LÊAKAGE

DESC R IPT ION

toz?22

lo?to2

?tcr)s6

? laìr\6c-
2CYYY)I
2ffi

DATRON
PART No.

tofto3
tøcx)24

ilar)r7
l()2 312
lo?332
44ÒÒ67

lqa{^ila^

l?oô t?
noo21

h6

a,3a)
c5t
c52
c53
C*
a.55
t-5(Ò
c51
c58
cs9
c@
c6t
Cé?
c63
c6+

NI

h?
òa
b4

DESIGNATOR



1

Dus€No.
Pc,

2

2

MANUFACTUR€R'S
PARI No.

lN.4SSA
8;r YAÊ,r.

l

f

BzYaÀc,

rñ¿5RA
rN4t48
BZYAa¿

I Nt4l¿q

tN45AA

PB I NCIPAL
MANUFACTURER

FAIR¿HIL.b

BÂrøaUll ñ
tl

MrI t ÀP¡.'

FAIRCIJIIS

FATRc.I+lLb

MULLAPb

FAIEc-HILÞ
ÊAIPCI,IILb

DESC R IPT ION

qi tôu,/ r FÂrÄu-rÊ-

C6V2 4ôñ\^l 2çilça
qi l^u-/rtrÀYÂ/iÉ

Si GÊN PÚPPÕ3ç

¡

qi row rÉÂ(Å.,tr

CâVB Æ^\i zÊNEu

<r lôu/ I FÀl(Àlitr
5i GEN ?uetu:JÊ
CaZ\f Æ-VJ zÉNER

qi n rrl ?tt?oÉç

Sr ltu tFÂ,(-ÀC-E
¡,

¡

DAfRON
PABI No.

?(YYYìA

2rYl'ÐF,
?ÔCYY.\A
?(rYY)A
2cvvv>t
2ooæt
2oæÕt
2ooool
?cvrxß
?cnôôtì
2tft)âa
2tMa
2ma
2offôt
? lÕ7?Ô
2)oz2ô
?arYr\l
2ú
2ú
2oæ8
2aæo8
2æß

DESIGNATOR

D7
t2tæà2lla

ùq
bro
l-1rI

bt2
hl3
bt4
NIE
l'\tÁ
Nr7
l'rlA
htq
h2ô
bzr
r..,7 7

¡\23
b24
b25
ò2C)
ò?7
b2g
h2q

ú¿tron
IÒ6I A'JÀLOGò€. PCg

4.35€MßLV.

tG o,?a*-'4CÐ32A

t 2 --7 --7a
""'* 6T

NOTES.

s€€ sHEÉf 2 FOA LATIST TSSUE

NOTES.

sÊ€ sHE€T 2 FOA LAI€Sf lssuE

2

+

I

2
2

No. USED

adaæ

MANUFACTURER'S
PARÍ No.

ìN45BA
rNt¿l4R

n

8?YøÊ,C
lN45AA

rd¿r¿6

rÀt¿ r¿ 6

lN400l

BzY6Bc'
!Ll414Ê
A7Y8AC
R7YÊÊ¿

PRI NCIPAL
MANUFACIURE R

FAIRc'I{tLb

EÄ.rPa gil ñ

MULI.ARò

trÀrøa-tltt b
il

ç¡tE¿HrLÀ ¿

f Âr?l{rr lì

MÔT¿.IPõI A.

qII¡u/ LÉAKAGÉ

çj--çç¡!-- eußz^o-sf-
á-'

¡

clsv 4@nV"/ Z.EñER
<i GEI.J PtRffi€
L1at! A{-r)^W zFÀJÊ?
C,IOV 4COAW Z.ENER,

c2ôV Ø^W 2.FNÉR

OESC R IPT ION

S r t--ôu-/ t-EÀKÀGs
q i c,É\l ÞUepo5É

C4Y7 Aûml"J 2ÊNÉß

DATRON
PAßl No.

2ffiB

7 rna>õl
2av-)ôõl

2too41
?(IYY1F
2rvvnA
Zoo()oS
2rcoø
20Òo6l:
2r¡r' nl

Z¡rco2
?r>arrt2
?twÐ2
2ææ2
zlôr50
2ooool
2lÕ2OD
2loloo
ztolôo-
zto2-æ

h3q
b4ô
Dl4t

h44
b45
64¿,
b'47
N4g
f\.4c1

f\5ô
h5r
Þ52

DESIGNATOR

Nì.I
Fl3t
ÞJ32

b35
À36
b37
õ3R

ú¿tron
to6r AÑJAI_.oGue rcB

AssEMBL\T'

11 n24

t2--7-7A
ttJ



-

DESIGNATOR DAf RON
PARf No

DESC RIPf ION

ú¿tron
""",o6, ANALoGuE æB

A55trN46LY

t? --7-7ø
'n^*r É J. I

NOTES.

sÉE sBEET 2 FOR LAfESI lssu€

-r

I

I

z

')

No. UStO

-fvg 515

g 5rS

BzYgec4-v7_
rN zll+g

BZ
IN

rN4148

IúANUFÂCTURER'S
I'AR l No.

PRINCIPAL
MANUf ACTUFE R

ÀrP¿

¡SV 5W zEñeC. btôÞÉ

zv-l-qpiñV eE-!!E
M'JILAEòR,

,FAre¿HlLD.-.--r.--!PW-LsA!ÂsE---

NOT USEÞ

u^{rTf¿Obg
uñtfÊoÞ

I,1ULLARO

NOT USE.Þ

'lV7 aOOaw ZE NER

sí ee¡¡ PURPoSE
lsv 5W zÉÈl-eß ÞloÞe

FAIRCH ILD

PORPoSÉ5i G€xl
I

ztoo+',
zoooot
z.rjoo9
¿r3oo9

200008

oæcê

Þ"3
b74

D69

D7Z

Þ70
Þ7t

4

No. USEO

rl

't

rl

ll

I

TOlSt4C

lolSgczt4c

MANUT ACI URER'S
PARI No

¡

I

rl

{

{

il

d

I'

NATIOÑAL

PRI NCIPAL
MANUF ACf URË R

T

n

I

T

PNP TßANSISTOR

L PNP

DÊSCB¡PT ION

oo82

25000

DAf RON
PARÍ No.

7

DESIGNATOR

NOTÊS.

S€E SBEÊI 2 FOR LA]ESf ISSUE

l? o,24

Io6I AÑALQÕOE æ,8
AásEMBLY

datron
-^-. õ J

r-7 -ll-78

.ëú 4æ32e



-l

3

s
sv2ø
su26 56¡4

2N

fE LÊDYN EN.CHAN DUAL JFET

PNJ

5i NP
ÑPÑ

N-
N- CHAN JFEI

3l

230031

(bt

M^flut /r( Iull ll \lrl :;t hlr I l(/h)l 5¡(,rr^I(rrr No U5l l)t,l{l¡rcrr^L
r,1añUl 

^e 
ì ultl li

l)^l li(rr!

F4ß_c-! lLa, zçë3
P

___ .?4A9)A 5I NPNJ

NOTES.

S€E SHEÉf 2 FOR LAIEST ISSUE

datron
106I AÀIALÔGÒÉ. PC.B

A5*t4st-{

þ o'24

t?-lt-?6

"*'^ 4æ328

NOTES. ALTERNAT¡VE HP43st (ztoorø) datrnn7
IO6I AÀTÂ¿OGIJE PêB

AÉ5EMBLV.

<l o,244æ32e

No. USEO

2
7
3
2

I

4

I

I

{

3

I

MANUFACTURE R'S

PART No.

HP43SI (RÊÞ)

FCòBED
74lAc

¡t?+33t (wune)
Hp43tl (wÊne)
HP4rsl (REDI

FcÒBgo

ML\AO\Z gcP
Vtcl4Ò166cP

LM3II HC

F+OO\A sPc
úCl4o1l B'cP
M¿I4ÔII BCP

ML\4O16 Bc.P

NÊ 5534 N

FCÞøffi/SELECTED

PF I NCIPAL
MANUFACIURE R

DATROÑ

FÀIPC}"" LD

Farea-Fllr ò

MÕT.\PôI A

MOTOPÔLA

NATIÔNAL

MoToRoLA

FAIPCHILD

DESCRI PT ICN

Hi 5øÊEÞ OøTÔ SÉLECTED

l-)r)Äl ôørô rsôr À-rcf€
rrrrFÀ? fa- (P 

^M?
OATRONs Ê LÊCTE D

2K5V DUAL OPIO ISOLATOR

NJAI ¿ I/P ÑANb
cJrlÀf-ì r Ä.-Îa}l

\/ôI TA',f 
"'MPÂPATDR

duAb 2 t/e oe GATE
ôUAD Z l/P NÄNÞ êA'rE

@riÄ¡r L--ATcll

553L OP AMP (Df L)
bIJÀL ÓPftT ISÔt-ATOR

2(J-nA
82

?a(l'.J_-tg
2ffiß
?P,ffY-F
?ød)t6
??ÐÕtc
26æ5-7
?2æt9

DAT RON
PARf No

22CÐ30
22ÒOt-r
2 ti)/-\ô2
22æ?e
22ÒÕzg
22ao30
?2Òat7
22oot-7
7?ÕÕt1
?7nnt1
7?fx1t1
??{-Ð15

2æot5

Mro
Mll
t4t?
Mt3

Mr5
M16
Mt7
Mt8
Mtq
r4z0
t'/121

ì,'127

t'/|23

DESIGNATOR

MI #
M7
MR
M4
M5
M6, *
Mf
MB
Mq

SEF SH€ET 2 FOB LAIESf ISSUE



a

I

I

I

?

I

I

No. USEDMANUF ACT UR T R'S

PART No

FCbBBO
LF4IICH
IAC IAîì'IA ßC-P

Mcl4ol I gc'P
ÀíC,lAEtG Bc,P
úr.t4õt3 6cP
t tr12t2 14

t trr'-ll î.H
I MzI? H

14t Hr,
I tr4ilCH
MCt405l tacLrC*€.Eñ)

pA-l+l HC

,t Ã taqer¡r

i\IA-TIONAL

trAIRc-HILD
NATIÔNAL
DATEIÞN

FAIRCH ILÞ

trÀlR- llll l-r

PRINCIPÀL
M/\NUFAC]URTR

FAIR.CHILb
I..IATIONAL

MO-fÒR-ÕrA

LIÑEAR AC OP AMP.
4II OP AMP

LINÊAR IC OP ÅMP

¿il oP ÀMp

r'osl Mux. sELEr-rÊb

7+I OP AMP
Nôf o3E.È.

ñôr IJSEÀ

1.r)Âl r rNtrÀÊ Ta-

DESCRIPTION

Dlral ôPTô rsÕLA-,ôR
¿.II OP AMP
alIJA.F ßrr ÀTF2ÂL S\^ll-f c'É

ôL)Ab 2 I/P ÑANb c'AfE
ßTNAPV r P/r¡wr.l CaTJNTEÍ

lì lÀl F\ çt ta- çl a)P
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Î

70 Ð s
D N

0 I A
) z o Ð

Þ
o

ul
¡

l)1
l.)

LN
t\)

I
oc

P
?

!9 'Ã o o À5 o l\)

o- O
J t+
'

I rf f z t I ü i

c) -o c) @ <n (î

F N r¡
v ¡ú 1

(^

C
) ,s ñ rJ
r

o ñ N (¡

x. ro o

3 z c o t ¡ vì

æ I

s @ i (o

I

c
3 c. r- t- ñ v

c T ç ñ I
,o v3

c'
c' r r n

c' r r p o

c v

o

o

3 c r
3 ç r ñ d

c
3 c r -

c' r r
I o

o
o ñ o

>2 co >: rl 
r

v Ð

0 I o t
3 lt

€ C
) þ @ Ò z

Þ t¡
ñ

3 -nÞ

oT

o ñ
o o z€.ul

€8 I

à\ €6l æ

ñ ¿ I ,o F o z

Eo x
¡ o o ¡0

C
¡ ñ

s, ìæ T N o

ì I
='në

3 ì# E
E h 0: 3 -ll

o = ¡ õ z

c0 !
ñ

õ $

o o o
(l t! ñ

o .o o o U
ì

(¡
,

(À
l

9
o õ (

õ ñ
s \¡ o

o o (^

o o o Þ (1
,, +

o o
o o o õ tr

o
o

9 ¡\
)

N

æ x¡
¡ ñ Îs

F À
) l¡¡

ìÉ o { c r () U l, It m 3 Ø r $ ¡ { { m Þ z -.
{ o õ Ð

! o I õ c

z o I ?

¡ ñ
¡ õ

Þ
æ À

) o
F

Ð ñ
À

æ +
æ (^

*"

o
h

Ð +
^

o I o z 1 o

!o !¡ i¡ -o tz

Æ

(,
J



¡

l
.

I
l
]:

I
l
I
il

il

t
t
t

.:

T
't

t
3
i

t
:,

T

T

T

No. ustt

I

2

4

I

NOt ES.

sEE SH€ET 2 ron LÁltsl lSsUE

#¿trn¡
AC PCg Assy

4ut7?,äii,f; 4ç,6462

t7.8.79
**" IL-

MANUFAC'fURER'S
PÂßT No.

sEÉ ÞRG

SÉE Þæ
cR2S

72P
c8tô
aR.es

cRzS

cR2s
cR2S

cP.25

cR2S

cR2t
CP,2

cR29

ce2s
aR29

cRr6
CR.29

cR2s
cQ2S

cR29

SEE Þqç
sEE Þrc-

PRINCIPAL
MANUFACTURER

ACI
Ac1
M u LLARÞ

BECKMAN

ALLEÑ BRAÞLEY

M U LLARD

MULLARD

MULLARÞ
M U LLARÞ

M ULLARD

MUTLARÞ

M ULLARD

M ULLARÞ
MULLARD

MULLARD

MULLAPD

M U LLARÞ

M U LLAPD

MULLARD

M ULLARÞ
M ULLARD

Acr
ACf

DESCR IPT ION

+k7 .zs"/o ,orbn MF
AK975."5'/, tol+ñ MF

9kl 5'/. t/aw ceeæñ
soR Por 3,á"so cEcuet
tæu tof '/+w caaþ¡t
IKZ s% t/4w ãARæN
æk 5% '/aw clesov
l2R 5o/o r/4w cARøoN
6soe sy', y'¿w c¡ee'oñ
rok 5% '/¿w c¡eeoÀ,
lM 5/. '/¿w cAcaoñ
took s* t/Aw CARþN
l2R sy'. '/4W CAR8oN

!2R 5"/, t/4W CAR3ON
zxc s'/. ,/4w cARæñ
3k3 5'/, '/¿w cnReoN
6gú.5% ,/sW cARBoN

zkz s,/" t/4w CARBóN

tæ? \'/" ,/4w ceReoN

22oR. s'l t/4w cARBoñ
l8k s% y'¿w cARBoN

lak .25'l toþÞ- MF
4k7 .2s% rolÞm MF

DAI RON
PART No.

090051
090053
oÒo 912
o6350c
oool 07
ÕÕo122-
ooo333
oool23
o006Al
ooolo3
ooo ros
ooo t04
ooo t20
ooo l'20
ooo22A
ooo 332
oo806o
ooo222
ooo 1ol
ooo22l

oo 183
09 0053
o90ô5 I

DT SI GNÂTOR

Q47

R48

R49

R50

R5t
R.52

Rs3

es4
Rss

P.s¿

R57

Rsg

Rs9

R60

R6t

R62

R63

R64

R6s

R66

RÊ7

P.69

3

I

2

2

I

z

USED

R23

R23

cR25

CP,zS

e25

cR25
cp25
72P

ÞPG

MANUF ACTURÉ8'S
PART

25

L

MUttARÞ
M ULLARD

MULLARD

M UL¿.APÞ

M ULLARÞ

BEC

M
M ULLARD

M IJL LAB D

MUL
MULLA
MULLARD

ÞM

M U LLARÞ

EECKMAN

ACt
L

M ULLARD

P R I NCIPAL
MANUFACTURÊ R

ULLARÞ

M ULLARÞ

M UTLARD

M ULLARD

w cAR

r,v CAR60N

W CABBOI{

ok s'A '/4w cARBoN
t/aW BoN¡sk

e t/4w cARe€,N

'/4w cteeov
qB"&. cgpì'¿,

'/tw
IM

t%II
W CARBON

t/+w caneo¡¡fuP. s

t^/ cARSON

5

c RBor,¡

¡/¿W cAREoN

W CARBON2K
s t/4w .--AR8,?N

t/aw cARèoNIM

82ok
rcT 3rb"so cÊRMEf

62k6 MFto
5 W CARBOÑ

DÊSCRI PÌ ION

2k 5

o ta4o
ooo l03

s3ooo
ooo 680

Ioo
3

5o
ooo los

25
o

561o
ooo to I

ooo
ooo

ot?4

o21?
ooo
ooo 33o

oo Io5
ooo
063 sO4

oo
ooolo+

DAT RON
PARÍ No.

ú¿t¡nn
AC PcB ,{SSY

5 017lllilf; 4e6462

t7,2.7i
*".IL

l))
SEE SHEET 2 FOâ LAÍEST ISSUE

NOTES.

R8s

R6

R9o

R9l

R80

RSr

2-

R7z

R73

R74

R7s

R7C

R77

DESICNATOR

Rlo
R7I

.i i_:.-.:..:-:i



?

I

No- USED

I

bRê

H

sÊÊ
ÞRÉ

Dæ

c

cR2S

MANUFACTURE R'S

PART

2.5

RA5

5E ÞP4-

sEE ÞR,6.

2S

N

A

BECKMAÑ

DLE

Itu

M ULLAP

M ULLAP D

ACT.

,qcl
LLA RD

M ULLARD

M UTLAPD

M ULLARÞ

H

M
MUL 0

(,

PRI NCIPAL
MANUFACIURE Â

F

sk

MF

MFto

RBOr.l20e
BONw5

5

MFt82k r

MF

þT 3k

MFl^/

DESCRIPTION

t¿2
RBONt/¿N

MFlo
MTlo

Rþ
cAeÈoN

W CARBOÑ

o

ol
09o

e2t
o
o

I

823
22lS

o

DATRON
PART No.

o
5G4

2

oos2
ooot

I

2

tro

Ril

RI

R

û¿trnn
AC PCB ASSY

6-t7*^* 400402

t7.8.79
**' IL
'*"'" R,( l,

NOTES.

SEE SH€ET 2 fOR LAIÊST ISSUE

Rtot

R.IOZ

P.to3

R,

R to3
R to6

DESIGNATOR

tr

h

h

h

It
å1

l,
H

È

t
[J

t,
å11

t
t
+J

?r

fr I

I

No. USEO

I

cB rô
cP,t6

HSC
H8c

CR2S

MANUFACTURE R'S

PART No.

c?2s

2s

72P

5EE ÞRG
gEE DG
SEE ÞRG
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S¡ NPN TRANSISI.,R
3¡ NPN TRANSISToQ

SI PNP TRANSISTOR

5i NPN TRANSISTOR

3i PNP TRANSI5TOR

N-CHAN CUPRÊNT LIM
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RMS KIT

7x DARLIN6TÔN DPIVÊR

714 OP AMP
714 o? 

^lYlPFREQ. .9ENSITIVE 9WITCH
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å.Wj¡-, ,. l

ffiù'. ..',,-

No. USED

AIR
A/R

SO m-

I

z

A/P.

7
I

2
t6

3

3
5

NOI ËS.

s€E sHtÉT ? ron LAltsl tssuE

úatron
AC PC8 ASSY.

lØ o¡ t7äx:,T 469462

t7.a.79
**. IL
c{Ò.e 

R t¿ ¿\)
-_(}_-

MANUÍAClUNt R'S
lì^fl f No.

Ft ro

/e2-ot-zogs) 647t-a-l
HI< ¿¿NI. ALACK

4909 -rL

HlSx2ômn ELACK HELSYN

H30 x25ñh ßIACK HELS/N

02- 04- ISTS

os-3ô- ooot
tcL 143 - s3T
tcL 163-561
49-09- 6L

PRll'lclPAL
ÀrANUf 

^C-rUnt 
ß

HELLERMANN ELÊ¿IRIC

ÞATRON
./.OLÉY

HÉLLEPMAÑN ÈLæTQIC

MOLEX
re\ w¡cg
HETLERTNAN ELÊCTRIC

HÊLLÊRMAN ELÊCTR'C

MOLÊX

MOLEX

ASTPALUX

ASTRALUX

tl,oLÊX

:sK z¡¡lplAreb GKN
,nN zr't/pureb G.i(N

l)LSCIìlPl l()t'l

22 sWG. TINNED CDPPEP WIRÉ,

SLEEVÊ _ PTFE
l6 w^y 

^p/g14 
RtBooN CABLE

8 wAY PoLARrsÊò socKET
3LÉEVÊ $t.o stu. eolBER

wrpe/reBprlruAL AssY.

pcB

GUARD sHIÊLb
RELA BRACK€,7

c
7lo.z ptre rNsoL-ArEò

LEEVÉ MAX. CABLÊ 3.O
L€€VÉ MAX.CA 6.O

FSV TERMINAL
BREAKAWAY TERMINAL sIQf

14 PIN DIL WT<ET
16 PIÑ OIL g,KÊT
CPIMP TERMINAL

fREwM3xGm- STEEL RcA-
sCRÊW M3t 8m- SI€ÉL P9ZI-

f)/\1 ,ìoN
I'AlìT No.

2

_5_ZO_QO4___
57roes\ c
605c.52
5900 55

4oozzslt

-A)P)ê-6-:-4-
--4-s_oJ¿49:3-459tt2-a
_605o56__
_äl ?95e__
_99ooo I

F?9Q9,2,_
6_o,2-Q_q!_
602004
6Õ5O 6õ

_q_oJ_0_6]_
GOsosT

9t t_go7_
6| OtG

l)t st(;N^T oft

TP,s, rl's.

JI
J2

No. USED

3
5
2

z
2-

4
4
2
r5

l30mm

G

NOTES.

SE€ SHEEI 2 FOR UTÊST ISSUE

datrnn
AC PCg ASSY

t7 ", 17400402

t7.8.79
*^"'rL
'"'""'f{xÄ)

PART No.

R6'077- M3
zINc. PLATEb

ZINC PLATEÞ

z,NC PLATED

ZINC PLAIEb

HN3P-32-4- |

HN3ê -32- |

H 2tosA
FTÉ. 15 P2O
t/2HAPD

c,30

PRINCIPAL
MANUFACf UR E R

HAPWIN

5f. GKN ÞISTRTBUTORS

Sf. 6KN DISTRBUTORS

CQÞEP FqâM C.J.FOX + SONS

]PÞFQ FRoM CJ.FoX+ soÑs

HARWIN
SÊALÊCTRÔ

RlêHTo¡¡
M(CRC,VAR

t

DESCR IPT ION

STANòoFF M3t 16 HEX STEEL

w AIf;HÊQ M 3 tNr/sHAK E PRoôF

wASHER VZ S rr|r/sXereeeoO,

NUf M3 FULL HÊX STEÊL

NUT 3-48 UNC FOI.I. HÊX.ST

NYLATCH PLUNGER HN3P

NYLATCH GbMMEf HN3G
sÔLDER ÈB T€RMINAL LU6
CLOVERLEAF PTFÊ'IERMINAI,

BRASS STRIP -37566 fHK ,t5.
fÉsT PÔINT TERMÍNAL

DATRON
l'^lìf No.

Gt2Õ21
6t3005
øt30 t4
615002
6t5OO5
6t7 OIO
6t7otl
6ZOOO3
620005
630t07
Co2OoOl



No. USED

3

2

I

3
9

I

I

I

I

SIEMÊNS 83

t9. 9.80 f¿trnn
""' to6tfto6s/toztIt

IÊÈÈ PCB. ASSY.

z* 5xi:;If 466427

MANUFACIUNER'S
PÀRT No.

c?25
cR2s
cR2s
cRz5
e-PZ5

cR25
cQ.zs

cÊ25

764-l-Rtook
KtoE35
897449
KtoÉ.35
KtoÊ35
K rRoE35

K Rro É.s5

837449
a-¡)la)
cDto
cb.lo
A47449
937449

t.
""'"\>l r^.

PRINCIPAL
MANUFÀCTU R E R

MULLAßO
MULLARD

M ULTARD

MULLARD

MÛLLARb

MULLARD
M ULLARD

MULLAÊÞ

BECKMAÑ

UNION CARBIDÉ

.SIEMENS

UNION CARBIÞE

ONIÔN CÁRBIDÉ

UÑION CARBIÞË

UNION ¿ARBIÞE

SIEMENS

t1'f

tTf
ITT

.sIEMENS

5,EM E ÑS

DESCRI Pf ION

'/¿w c¡e,

tok CAR

rook s"l y'¿w ¿aRBoN

look t/4w 
'ARæNIK â.L ,hW CAREON

sAon sZ Z4w c.ARBoN

tk s"L hw cARsoN

z<t s't t/4w c.Aqþtt

tookrT z/" uerwoa.x
lo,pF 2o'/. 35v Þte rAN'Í.
ío^r!92% soy cER Drsc

@pF 2oy', 3sv Dre TANT.

ot?
35v TAN'I

l@¡F ?o% ssv DrP. TANT

I sov ceR orsc

to^ç 25¡^ z5É\t cER.Dtsc
øaor'rto"/. Soov cER Drsc
toopF to"/" sooYcÉR Dlsc

+ soy c€R orsc
,oV cÊF c

+ 50v cER DISC

DAT RON
PART No.

ooo r o4
ôoo I O3
ooo I o4
o oot 04
ôôo tô2
ooo 5G I

oool 02
ôÒ o33?

0900 t7
r500l5
to+o25
r500ls
r sôa)15
lSOOl(o
tsoolz
to+o?5
rôr ta)3
toz60l
t02t ol
t04ô25
t ô4025
o o2s

DESIGNATOR

Rr
R2

Rs

R+

P5

R6
R7

R8

ANI

CI

c2
c3
C4

c5
C6

ct
1A

a9
cto
atl
crz

tô

NOTES.

SEE SHEET 2 FOR LAIESI ISSUE

ú¿trnn
'"" toøl f to6s/tozt/ tost

IEEÞ. PCB. ASSY.

2e.?.84
m^.. lf .

NOTES.

SEÊ SHEÉÎ 2 FOR LATESI ISSUE

.: , .i .: ;

2

No. USED

tYlc3++7P
Mc3447P

s3744s
937449
s)74+3
83744s

MANUFACTUBER'S
PART No.

MOTOROIA

votoRoLA

SIEMÊNS

SIÉMENS

5IEM E NS

SIEMEN S

PRI NCIPAL
MÀNUFACTUNER

rco"F !?o"/. sov cFR Þlsc

toonF !28% sov cER Drsc
!23% sov cER Dlsc

8I- DIRECTIONAL 6US fRANSiî

Bl-ÞtPtcTroNAL 80s TRANSC'i

OESC BIPT ION

toonl !83/" sov c€R Drsc

280066
280086

DAlFON
PART No.

1O402.5
tô4025
to+o2s
t o+o25

MI
MZ

DESIGNATOR

ct4
.t5
ct6
c11



4

I

f

No. USÊD
Pe¡

I

647t-4-l

FÊIO
lcL-14ò- s3Í

t^c6s4e8P
Mc l4s3s BcP
DM74 LS ?ON

DM74 LS?ON

LS2l ñDM

- 2+ s loSD
oR l¿N-

MANUF ACIUR E R'S
PART No.

r.4so3 BcP

ÞM7L N

HÊLLÊRMANN ELECTR'IC

ASTRALTJX OR UERMYN

NATIOÑAL
L

^JATIOÑ

c
JERMYN o( ANTI

DAT

E

MOTO

MOTOROLA

L-NATfON

PR¡NCIPAL
MANUFACTURER

TERMINAL A5SY

LEEVE - PTFÊ

l4 wAY ÞlL. socKET

I6WAY DIL. L'UJ PROFIL€

svCABLE AZ+WAY A
E-IRISEò

wr

22sWG 0T¿ wlRÉ

EP
ÞUAL PREC. MSTABLÊ M

õLS
NAND LSDOAL 4

L4 AND L5

24WAY Drt-. sd.¡<ET GOLD

DE SC RIPT ION

tl NAL A

NO

USE D

TRI.STATE HÊX

l{Ê,x. tNy'ÊRTeR LS

5+oooz
5900Ô4-
6 oso óo

60sooz
3t205

60s os I

400
4tol6s- A

zToo
oo64z

I O069
55

oo55?

o5t

oo2

DAT FON
PART No.

ú¿trnn
'"" 106r /toøs/tot t/tæl

rrÉe pcó. ¡s5Y.

4 *5""i;;ir 466427

NOTES.

stE sltEÉf 2 foR LArtsl lssuE

o

M

Mtz
Mr3

M3
tv14

M5

DESIGNATOR

NOTES.

SEÊ SHEÉÎ 2 FOA LAÍEST ISSUE

I

I

I

I
I

'.

t
a

I
I
t
t
I
t
t
I
t
!
;

II
;
I'

5

2

3
z

I

oUSENo.
Per

c-To
5S5- s8a

Rc-1L

tcL- r63 -56T
34O- Aca9D

324- AGs9ù
h609 - l-L

MANUFACTUR E R'S

PART No.

ANTI F ERENCÉ

H r¿RoVAe

RS

A5TR,ALUX OR.

AUGAT

Auonr
MoLEX

PRI NCIPAL
MANUFACTURER

RUEBsl

-fÊ,5.Í POINT ÍERM,NAL

DtL. LorÀl PCorlsrt40 Ptñ

24 PIN ÞIL SOCKÉT

CRIMP T€Rfll| NAL

CLIP troR

OESCR IPT ION

16WAY DIL.SOCKET

G2ôoo7
9ooú+

6 0 50s6

6o6oos

60s0 6l
60so

G oso64

DAT RON
PART No.

DESIGNATOR

datron ,r."*d,E

-roøt 
loøsltottltogt

I EÊ.É: PCß.. ASSY.



t
,t

_t

No. UStD

4
a
4

I

I
z
7

t

3

6

ú¿trnn
AC PCB ASSY

oPTloN 12
t06tA
to62

4005s2

MANU f AC-f Ufì t R'S

f,AlÌ't No

cP25
cR2S

sEE DFG

CP.2S

cP2s

CR2S

cR2S

cR25

C??5

CRzS

aR2S

.R25

cR25

cR25

cR2S

aR.25

cR2S

s.7.83
-*'lL-

G

PRINC¡I'AL
MANUT ACI U'II. R

NoT USED

N MULLARDWCA47k
UILARD221

VISHAYM. IL5 -Ol
MUTLARÞ

MULLAR'D

M UtI.AR D

UL

MULLARD

MULLARÞ

MULLARD

MULLÂRD

MULLARD

MUTLARDW CARBON

U5EÞ

ÑOT O5ED

Nof UsED

NOT OsED

ULLARÞ

t/+w cARBON M ULLA RD

UI.!ARDt/4 Pk
t/aw cARBoN M UTLAPDrooR

DESCRIPTION

tks sy'. '/+w c4¡eo¡l-
47tL S.l tlar¡¡ cAR8lc{
47k S% t/4w âARþN
lok 5L t/4w CARþN

rM s/" t/+w CARBON

tok sy'. t/¿w c{PsoÑ
5 t/+w CAPæII

rM sl '/4W CARBOÑ

2 z

OAfRON
PARÍ No.

ooo +73
ooo22s
o8004s- 2

oootS?
ooo473
ooo473
ooo I 03

ooo333
ooolos
ooo l03
ooolss
oooloS
ooo333

ooo223
ooolo2
ooo473
ooo lol

DTSIGNATOR

RI

R?

R3

P4

RS

R6

R7

R8

R9

Rto

Rlt

RI?

ßt3

R.t+

Rrs

Rtc
Rt7

Rts

Rt9

R2o

Rzt

R22

R23

I
K¡4I{
tz,9a4

NOIES. ctPcutT ÞtAcPAM = 43O55
CHECK PEOC€ÞUPE . 4GO5s

CHECK LÉf .470552
sEÉ sH€Ét 2 FOR LAfEST lssuE

?
2

rà'q Zo'

I

5
3
2

I

9

3
-3
I

I

I

lKtr
I

No. USEDMANUÊAC'TUBER'S
PÂRT No

cR2S
CR25

MUTTARD

MUTLARÞ

MUTLARD

PRINCIPAL
MANUFAC-fURt R

SEF ÞRCHICK F

V¿w

224

otz

c
H8c

M

t/+

FS

R

z

o

o

5

7S

o

I

80Ñ'/aw c¡z
R,BOÑCAt/4

J+5
68L_

BONRCA,/4

tget-{'/ N,/C

s/" _'hy+1 _ç4399t1

HOLCOnMF

DMUIt
Ut LAR ÞM

432O

o

L LARD

HOLco HSC

HBC
MF

MF

NOT Us€D

3'c-.P.

ræM
t2

ooo I o4

ooolo3
oool0+

MF

MULLAR

UI L ARD

MUt[
rrttARD

MU D

MUTLAR

23ôo26

ooo27l

oôo I zo
o90ll r-
OO o33l

ou
2900

ooo680

CAR,BOd5e
5kc

CA

DE SCRI Pf ION

ñ

,DAT FON
PART No.

ooo I 22
ooo56

P.44

R4s

P.+6

P.+2

P,4t

w-___-
R38

R4t

R34

ß3s

R.39

R4o

g1c

??7

RN
Q29

R3l

P32

R3o _-.-'

DISIGNATOR

þ.4
R?5

R?6

NOf ES.

stt silIfr 2 tol LAT€ST ¡SSUE

L:--
L---.

t...,.

datrnn .!rc!iË,6r,o

AC PCB ASSYro6rA
to62

3lïif {9955¿

5.7.43

r¡'î'_Bl 3 -2o



']

0

f)l sr(;N^Toft DAf RON
t,^R f No.

DtscnrPr roN PRINCIPAL MANUTACTUfìtR'S
PART No

No. UStO
AC'f URT R

NOI USED

NOT UsEÞ
R NO7 UJED

R50 Nof usED

Pst NOI UJEÞ

Rse M VIsHAY EÉ

Rs3 0 .l lo ùI.FOIL VIsHAY I

s4 ol 250 ñ M.F
Rs5 ot 3j:1.o__* /. 50fi-a_ \t F H8c
Rs6 2000 F HoLco H8c
Psl . -ooot82

_oootst _

ooo7s2

I '/+w- CA BO^I MUTLARD

Bss
Rs9

s/. /+w c¡ceoN MULIARD I

5/"-/4w cÁR80ñ MULtAR,D

ooo t_0 o roR s/. M ULLARD

063_l_oo toR ÂcI {øæ,.c EECKMAN 7"P 2
P.62 063_l Oo_ _ loß FCT y8 sO. 6ECKMAN P

oooloo þR:_s%:hw_s!P:BOñ MU LLÂ RÞ
R6+ ol20_o3 ___ zæk-t/" _Vøw _æþÞ,:ì_ _MF H8c

ooot24 rzok sl 'hw c{e.soñ !1 v LL A_8P__
R66 NOT U5ED

NOT U5ED
6S NOI USED

IO W CARBON MULLA RO
NO¡ ES.

stt silttT ? futi LAttsl ¡ssut

4 ",2o

AC PCB ASSYro6ta
r06?

i;li 46s552

s.7. 83 | *¿tron
OG

I
No. USED

I

I

I

MANUFACIURÉ R'S
PART No.

cR25
cR23

c&2s
SEE DR6

SEE DRE

H8c

5ÉE DPG
cR25

cR"s
cR2S

:R2s
cP,2s

cl29
H8c
H8¿
cQ2S

cR2S

cRls

cR2s

PR I NCIPAL
MANUFACfURT R

YI5HAY '

MULLARb

MUI.I.ARD

MULI.ÂRD

vtsHAl I

Y'SHAY

HOLCO

HOLsU/ORTHY

MUTLARD

M UtIAßD
MUILARD

MUtTAR,D
t

MUITAR,D

MU!tÁRD
MUTtAR,D

Holco

Hotco
MUIIARD
M ut[ÁRD
MUILÁRÞ

MUL{.ARÞ
M UTI.ARD

þoR s% /¡W cAREoN

¿zoP ïy'. '/4w cARBoñ

lk9 s"l t/+w clceox

DESCBIPIION

sks .OV.3ll- 'M.rcrL
gþP. s/. '/+w cdzco9
68R 5/. '/¿w cAßBoñ

5k6 5'I thv CARs;c/ñ

sks .ol% 3ll^ M. Fo,L

4lgs¡s 'ôt* zlb^ M.Fôtr

+kgg P/.'/aw so[L- Mr
l)Otvl 5% THrcK F|LM

lks 5"1 ,/+w ceeeoñ
+\oR s/. 7¡w c¡neorf
lM sl '/4w cARBoN

4M7 s/. 'Aw ceBæN
NoT U5€Þ

tok 5/, '/,{w CARBON

lM s/. t/4w 3ARþN
73?k l'/. '/wtt soþþn Mr
tsok P/, y'ew soÞÞ- Mr
rM 5/. 't¿w cARBoN
ræk s'/. '/4w cAF,Boñ
lkB sy'. '/4w cARBoN

DAI RON
PART No.

o8o04s - 2
or)o33f
ooô680
ooo 562
o8c045-2
oaoo4t-2
ot 4 99'
o9ôilr-t
oôo182
oooTsz
ooo47l
ooo tô5
ooô47s

o oot o3
oooloS
ol 33 23
ot I so3
ooo los
ooolo4
oool 82
ooôtol
ooo22l

OESIGNAIOR

R70

R7r

R7e

P.73

R7+

R75

R7L

R77

R78

R7t

P80

R8'

R82

R83

R84

R8s

R86

R87

R88

R89

R9o

R9r
R9a
NOlES..

SEÉ SHE€T 2 FOR LATEST ISSU€
I Oatren .r¡dærÞs.7.83

r06rA AC PCß ASSYro62

:l3lr 466rrt

tf:-
"'*"L o G

5 ø2o



4

2

-3

I

2

I

I

l

cqzS

sÊt DRc

aR2s

H8C

H8C
aR?s

:R.25

HAc

Hac
aQ2s

cR29

No. UStDMANUf ÂClURT R'S
f'ARl No

cR2S
HßC

ce2s

SEE ÞRG

cR2s

cR25
72?

HOLCO

HOLco

M ULI ARÞ

MUTLARD

HÔLCO

M ULLAßD

M ULTARD

PRINCIPAL
MANUf AC'TUIìt R

M U !L ÂR,Þ

HOLC,,

MUTLARÞ

MULTARÞ
YISHAY

VIs H AY

MULTAßD

MUTTARD

8ÉCKMAN
M U LLARD

"zo1. 
5"/. y'+w c¡neoÑ

2¡"^2 5l %w CARBoN

?k7 5l '/tw ceteoñ

took 5l t/4w cARBoN

NOT UsEÞ

NOT usEÞ

tlow HoLCþMF

NOT UsEÞ

NOT O.'EÞ

U5ED

tr
MF

2k2 Sl '/+w CARBôñ
-,hy_ ctseor!

D€SCRIPÏION

toko t'/.thw soþþ6 t¡F

2k7 sy'. t/ew cAREoN

SIS .ot.I sþÞ^ M.FotL

too?. S"l y'¿w c¡nsoÑ
3r4' 5{" ,/lW CAq90N
IM PÔT +â 5O CERMÊT

Zt oo l.A t/6s¿ þVpa lvlF

2kæ) t'/" l\w sob|6
z2oR sy', t/1w cARsoN

ot39z3
392_o,t

J)_o9Lo+_
oØ222

DAT RON
PAfìf No.

ôoô22 I

o I loo2
ooo272
ooo272

loo
OBÔÔ¿3 -Z
ooo tol
ooo 335
o63r 05
ooo22S
o1200l
ot200l

2

RloT

Rt08

þ,q
Rilo
Rilt

PII2

R,l3

Ril4
RíS

DE SIGNAf OR

R93

R94

R9s

R96

R97

R9t

R99
proo

RIOI

Ptoz
Rr03

P.tÒ4

Rlos

Rto6

NOrÊS.

stt sHtÊf ? FoR LAIÊsl ¡ssuE

NOf ES.

trr rr,rrt 2 foB LAfEsl rssuE

| *¿tron .,¡c,.È,s,..5.7.43

. to6tA
, to62 AC PCB ASSY

6 o, 20lÏ:li 499552

**"fl.
*'*''LoG

I

I

)
I

2

2

I

t

No. USEO

^R2a
SEE DQê

seË ÞRG

CR2S

H8c

cR25
CR,2S

CÈ25

cP,2S

c?as
SEE DÞG

iEÉ DR6

cQ2s
CR.2S

c?2s
H8C

MANUT AC'TURE R'S

PARÏ No

cP2.s

cRzS

cR2S

72P -

MULTARD

YtsFlAY

VISHAY

MUL[ARD

HOLCO

MULLARD

MULLARD

MUTLARD
MULLARD

MUttARD
YI5HAY

VI5HAY

MULLÂRò

MULLARD

MULLÁRD

HoLc.o

PRINCIPAL
MANUT ACÌURT R

M UTLARD

BËXMAN

Ut LARÞW CAPBON

tk8 sl v4ul cAREor{

MUILARDt/+w7ks 5

52k6 -l% 3ÞÞ^ M. FotL

;2k6 .tl 3Lb^ M. FotL

#e 5'/" /cw c¡PBôu
tôok 5o/. y'¡w clneo¡{
rok s,/. 'ltw cARBoñ

}k?s P/¿ y'aw SoÞÞn MF

NOT USEÞ

NOT USED

DÉSC R¡Pf ION

W CAR,BON68R

?æk Pof Ya so. CEPMET

?t)t 5"/^ thw CAR8oN

lk . t'/- 3Lbq M. ForL

ek 'l'L lrÞ^ M. FôrL

tol, 5'/. '/+w c¡PþN
NOT U5EÞ

Zkoo l/. t/øw soÞþ^ MF

lk 5/, IlAw cARBoN

6ls s/. '/¿w cAPBo¡.t

tæe sl '/4w cARBoN

sþp. s/" '/+w cARDoN

o80043-Z
o80046-Z
ooo t o3

ol 200 I

ooo I 02
ooo68L

_ogQJ,o)_
ooo33 I

ooot82
080a50- 2
o800so-.2
ooo330
ooot04
oool03
ol825t

DATRON
PARÍ No

ooo7s2

o o o22l
ooo680

063 204
ooo 27 4

RI22

R t?3

R,¿4

R.t25

?PC

RtzT

Rt29

RI?8

R t30

R13l

E t32

ßt33

R r34

R lss

Rt3ß

R r37

R t38

DESICNAIOR

R.IIC

R lt8
Ril7

Rrl9

Rr?o
l2

ú¿tran
I
I38f Ac PcB AssY

7 ",?o
Ëif +oO55"

5, Z.83**'rl.
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NOTES.

stf silftt ? ton ultg tsf
ddtrfln ,-_rñ
13# n. PcB AssY

I -2o*" 400ss2
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*"Loc-

MANUTÂgTURT NS
Éan¡ xo.

HRC

H8c-

SEE ÞRê
SEE DRG

SêÊ DRG

ce?-5

M A? -, - Ttá, - I 1\'l - O. lol
cps
7?P

H8C
c22s
CPzS

cP29

Hæ
cc
H8c

aP2S

SEE ÞR6

cR2s
HAC
cP25

PRINCIPAL

HÔLCO

HoLco
NOI USED

VIsHAY

YISHAY

YIJHAY

lwlouuqQ-b

VrM
M¿'LLARD

BECKMAN

HoLco

M ULTARÞ

MI.,,LtARD

MUI.T ARD

HoLco
ALLÊN BRADIÊY

HOLCO

MULI.ÁRD
Ho[swo€rHy
M I,/LtARÞ

HOLC,O

M ULLARD

DLSCRIFI ION

løk? l"a |/8w soþþñ MF

+k3Z l./" /aw 5o!!- rvrr

lk 'l% 3lba M.rct
tokl -l/. 3þþn .Mron
tllk.ll 3Þþ- M.Fo¡r
41OL sc/o 

t/¡w 
CcR.Èo,.r

lM .l/" .' [ba M.F,$1

loo|'y'. '/4w cÁRBo..¡

rooh tror åá so. cepMer
ßl? P/. thw so!b^ ¡,1ç

toz sl, y'¿W c¡neoh¡
rc?. s/. t/4w cARBoñ
NOT US€D

tØl 5"/. tlít!! ,ARBôN
ß2a l'/.'/gw 5o!!- Mr
lM ty'. t/¿w lor1[!q cF
IæR, II Vøw gLL^ MF

rM 5./. t/AW CAP80N
lær'l 5"1 THICK FILM

240R 5/" t/4w CARB2N

2kØ t'/" 'h,w 50LL- vF
,/4w cARB)ñ

D^l lroN
f,^nT No

ell32z-_
ol4 321

o8004a- 2
o80Ô49,-2
o8r.l^051 -2
oC>o4-t4

og. oôç,2
ooota t

063 ¡o4
ol I 822
oootoo
ooo I oo

oool 04
o I s320
o4loo4
oilooo
ooolos
o90,t l- |

OOO2+t
OI 2OÕl
ooôtol

Df SI CN/\I ON

Rl59

Rt40

R14t

Rl4e

R143

Rt44

Rt45

Rt46

Rt47.

Rt48

R14,

RlSo

Rtst
R rsz

Rr53

Rts4

R,s5

Rr56

RrsT

R r58

Rrst

P.tþ

Rt6l

No. USLD

I

4

I
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I

I

NOIES.

S€E SHEET ? FOR LAIÊST ISSUE

ú¿tron
t'ßgl^ 

Ac PcB AssY

9 ",2o
lË:i 499552

5.7. E3
-^" ll _
c{c¡.oLOG

MANUFACTURT R'S
PAR-t No

Ha¿
1P2S

RctP O2O7

RGP02oT

RGPo2oT

SEE DRG

SÉE DRG

s€Ê ÞPG
SÉE DR6
cR25.

cR2s

cR25

c 2s
ck2s
cR25

cR2S

cR25

cR2S

cR?s

.R2S

cR2s

Lo8-t- R rook

P R INC IPAL
MANUFACfUR€R

HOLC,o

MI,,L LARD

NÊOHM

NÊOHM

NEOHM

VISH AY

V,SHÁY

YIsHÂY

YISHAY

MUt LARD

MUITARÞ

Mul.tARD
MULLARD
MUI.TÂRò

MULLARD

MULIARD

UI.tARD

MOILAPD

MUII.ARD

M Uil.ARò

MUTTARÞ

ôECKMAN

DE SC RIP'T ¡ON

soblm MF
qkr so/- t/Áw CÄPBôÀJ

t/zw MEf- t
-C¿LALE

56oR l'l t/¿61 rlEl-aLAZE
2771 .l"A 3 Þþ- M.Fó|L

z'flk .l'L 3 ÞÅ- M.Fo,L

277k .t* 3 !!m M.Fó|L

277k -ll 3 bba M.FolL
rook s/" tLw CARBôN

g16j% cáßEoll

8lz s% 'hw cARBoN

tM 5% '/sw c^RaoN
2kz 5l t/-sw cARBo¡l
2k¿ W CAREON

8?oR 5l lsw cezæ¡'t
82oR 5'/" t/3w cARSoñ

6tg sl /3w cARBoN

tok 5% 73w CAR8oN

! 
e k_s/, _'ls{ - 

q4ß 
-8 
o_L

tsok 5% /¡w c¡eeoN

lOOk ¡7

DA'f NON
PAÍìT No

ol2tsI
ooogta
oooo47
oo8049
oo8048
o8oo52- 2_
o800s2- 2
080052- 2
0800s2- 2
oooto4
ooo562
ooo82e
ôôolo5
ooô222
ooo222
ooo82l
oôô821
ooo682
ooo,03

_0_q9J_9!_
o00t s4

09oot7

DESICNAfOB

R 16?

R,63

Rr64

Rl6s

P.t6¿

R t67

R168

R,69

RtTo

RrTf

Rl7¿

Rt73

Rt74
Rt75

Rtl6
Rt77

Rr78

Rt79

Rr80

R t8l

Rt 82

ANI
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MANU T,ÀCT UR T R'S
f'ÂHI No

Klô È25
Klo É 25

MKS2
A2BtS2t B
t'lKsz
MKS2

MKS 2,

aDrc)

Ktog2s
K ro É2S

KIÔF?C
Mks2

M.KS2

MK52

cDlô

MKS2

MKS2

Ä28 ro2S B
cÞto

PRINC¡PÂL
MANUfACTUIìt R

RtsID€

UNIoN CARB ID E

WIMA
ASHCPOFI

wrMA

WIMA

WIMA

ITT

UNION CARBIDE

UNION CARAIDÊ

UNION CARBIDÃ,

WIMA

WIMA
WIMA

ITT

WIMÂ

WIMA

ASI]CROF7

ITT

ísnr ?o'l e,gv PoLyEsTEP

toorf ßy'" SooY cÉR Dlsc

topt 2o"I ?5y ÞrP TANT

DÊSCnrPlION

to'ç zo{^ zsv DIP TANT

loÇF Io"I é-3V POLY1A?8

tao¡t 2001 6rv PoL\EsrEQ

taô# 20y'^ 63y' PoLYÉsfEC.

toilF à)oL 25Y DIP TANr

topF 2ol 2sv DrP TANT

t(þ¡F 2D'/- 63y POrYÉSf ER
NOT U5EÞ
tft1"F 2õ/- C.^V ÞõLv1çfÈl¿

tôat¡F ?ô'l 6lv Pr)LvF-sTFP

I?ôLF to'l sôov cER Dts¿

NOT UsEÞ

ICI1¡F 2oOI 65V PÔLYË,STÊP

NOT U5EÞ

ICIO¡F ?OI 63Y FOLYÊST€R

ARt@vf'lnF to'/ SOov cÊR Drsc

DAT NON
PAtì-l No

15o.020
tsoo20

NOT UsEÞ

IOO¡Fttoo42 63V
,2ôOl8
r roo15
lloo42
u oo+2-
to2 tol
I S OO20
tsoo2o lto"r zo'/. 2sY otP TANT

¡50020
tloo42

_lLoo42_
iloo42

t02t2l

tt oo42
, roo 42

oolz
to?to2

f)LSIGNA-f OR

cl
c2

c3

c4

%
c7

c8
ca
clo
cil
ct2
c13

2t+

cr5
at6

ct7

cl8

ct9
c?o

C2t
c72

Czt

d'¿tron

138åo nc PcB AssY

tO -2oll:ir 466552
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NOTES.
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No. USID

Hstzlt- 7/t6o

MANUFÀCTURIR'S
Í,ART NO

Mksz
cD'o
cDro
cDto
K rôO E 6v3
MKsE
¡4 k52
cDto
cDto
cÞo8
cDo*
CDOB

M.KS2

MKS2
Ka3Ê2S

Hsßooh- ßl6t
ctr)Á
Hsßlt - 7 lt6o
5EÊ Dre
MKs2

llT
r7f

WIMA

rrT
ITI
IIT
Ift
WIMA
WIMA
UNIOñJ CAPAIDE

SUFTEX

ITT

SUFI.EX

DATRON

WIMA
SUFLÊX

ITTCER DISC/o3 F

IOO¡Filo
lo

DÉSCRIPI ION
[IAIJtJT AC-T L'NT R

IHINCIPAL

toolF to"/- sôôv cER D,sc

6ar1 5,1 Soov cER Dtsc
IOOÃ ?O./. 6V3 DIP TANTi UNION Q{R8IDÉ

¡oá^r zo.I 6sy PotyÉsTER

IOO¡F ?OOA 63V FoLY€SIE¡

tsir s% sæV cER. orc ltrT
slr 51" sooY cER Þlsc
at¡ç !.sbr soov cER us(
A-hr !.sbç sæ:V cER Þls(

?Ë2F ! -sb| soov cER Dtsc

tôo¡F ?ô./- â3Y FotYsst€F

nF 20

NOT UsE[

33vF 2o'I esv ÞtP TANI

N'}I USED

lnSF t'/, 63 v TLYSrYRENÊ

¡¡¡ !'SÞF sOOy' cER Þlsc

oÞF !.5ÞF rcoV ÞLYsryReNÉ

IæIf X? MATCHED SÊI

cr*l azV mtYÊsrER

Bbr ! lcl t6c'y rcrtystyp€NË
IOO¡F

OAI RON
PART No.

¡o2t o I

IO2680
ts ôo ô4
iloo4L
I I oÕ+L
I02 l sÒ
I02 tso
ro247g
t0247A
t0222E
ttoo42
ltôo 42
tsoo24

t3006s
to2l o8
t3007c)
t400s6 - |

lloô42
l 3o 07o

DISIGNATOB

c2s

c2G

c27

c18
c2j
C3o

c3t
c32

cll
c34
c3S

c36

c37

c.r8

c3s
a4o
c4t
c42
c43
c44

c4S

c4a

..ffi[)r, .l ..: .: :,, '. ." .

fflt"r,.: 
t.' 

, 'lt' t*-. t' '"''"'' .
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MANUI ACI UIìT II'S
PAfìT Nô

cDto
MKç2

M,(s¿

cDro
CD lo
MKS?
MKSE

MKS¿

MKSz

Hsrgoof - lo/e¡
M'<S2
cÞlo
cDlo
MKS?
SgE DË
CDIO

KtoEzs

5EÊ DR6

MKS2
5E€ ÞPC

FKS2
SEE DR6

PRINCIT'AL
MÂNUTACIUNT R

tf'r
WIMA
WIMA

ITT

ITT

wlMA
WIMA

W,MÂ

SUFtÊX

WIMA
ITT

tI7
WIMA

DATPOÑ

ITT

UNION CAREIDÊ

DATPON

WIMÁ

TRON

WIMA
DAIRON

DESCRIP'f ION

500y c€R Drsc

??o¡F 63v Ðrv€STÊQ

lo|ç so/- soov cER olsc
lc.nF zs'/. zsoy cER Dtsc
tOo¡f ?ol 6s! E,LY1'TER

too¡ ?ol 63y POLYÊSïER

33nF ?o"l 63V poLy€srER.

NOT (JSEI)

ItOo+2 |.toonr zo/.6Jy Pol.YEsIÊR

l3ôo65 ln8 F I v
Cs9 t loo42 63y ÐLYeST

l02+70 CER ÞISC

C6ô t02loL lnF R DISC.

!to o 63Y Fo s
c6? os e ,s0 x? MATCHED SÊ

c6t I o ? CER DISC

cæ ISoO zSV DIP TANT

c65 I 400s7 - | r '/z rzsy srtl MrcÂ
CGÊ tloo42 lØ¡F 63Y PoIY€5TÊP

cè7 t4 oos6- | ¡F U¿ 3æV
C5g n ôo26 6n8 F IOOV FOLYÊsT€P

c69 soov 6L s

t)t.srGNA-rOn I ,,o, uu"
l laHr ru"

ta2?7I _
r I ooSs
iloo35
to2 I oo
oilo3
Ioo42
noo42
n oo40

css

c47
c49
C49

Cso

csl
cs?
cs3

cs+

c%
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MANUF AC'T URt B'S
PARI No.

H5

cDto
MK92
K2?EIG
A2ars2s B

A?ø15258

^"8ìs2S 
8

SN

CYFM IO

TETF€R Yrc

CDoB
cyFM ro

TETFEÞ YE.
:YFM Iô
TEIFEP. VPc.

CYFM'IU

KtoÊ2-s
KtOE25
KIOEI6
Ktogt6
FKS2

KtoE25
HS

PRINCIPAL
MANUFACIURT R

sUFLÊX

llT
WIMA

UNION CAPEIDE

ASHCROFT

Asl{cßoFT

ASHCROfT

SUFLEX

ELECTROSIL

JAcKsor\l

ITT I

ETECTROSIL

JACICSON

ELÊCÎQOSIL

JAcKsoñ
ELÊCf RO.sIL
UNIOÑ CARAIDÊ

UNION CARBIDÊ

UNÍON CAREIDÉ

UNIÔÑ CARAIDÉ

WIMA
uNtorv cARBloE.

SUFLE.X

DESCRIPT ION

22Pf ll t6

.?4bF

IOO¡F ?O'I 63Y POLY€sTER

??,,ç ñ4- l6v DtÞTANr
t.âr þ'/. t6ov ÞtYcARB
tSF rô{. ßo Y rcLYc¡RB

insr rc/, 
'56 

Y P¿IYcARE

z2o¡ rcy', ¡kY ÞtYcÂRE
l3bt sq, sooY clÂss
IÔLF IKV TPIMMER

]!3F I .slF satar/ cER Dls¿

polç z{. soov 6LAss
IoIF IKV TE¡MMER

tíLç 561 sôou 6lá53
toLF tkv TRTMMER

a,Lr 2{- sooY 6tnss
to"ç 

^'¡4 
¿sy DtP TANT

ó,'r þL zsv DtP TANÍ

topF zo./. t6v DtP TANI

ropF 2ôl t6v DIP iANT

3^3F 2d/. toov P'LYES'1¿Q.

t0ú 20cl 2sy DtP ÏANT
a.o pr ! tÞF t6v PoLYSTYRE {

DAT RON
PARÌ No

t34J^c^ 25
lo2 33c,
iloo42
15000t
t200to
t200lo
12 00lo
Iaoôol
t4003t
t40c.c.8
IOZ338
140023
t40o.c8
t40039
14Do,oa
140023
15o.02o
t50020
lsooo2
tsooo2
ttoo27
lsoo20
r3007+

DE SI 6NATO R

c70

c7t
cf¿
c73

c74
cls
c76

c77

c7a
c79
c80
cat
c8?
c8J

c8+
c8s
c',ì4

c87

cs8
c89

C9o

c9t
ca¿

¡¡k
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PART No.

KroE2s
KloE2s
KrRoÊ35
MK5

cÞto
CÞIO
CDIO

cÞlo
cÞlo
cDlo
cDto
cÈo8

Pß I NCIPAL
MANUFACTURE R

UNION CAP ßIDE
UNION CAR,BIDE

UNIOÑ CAREIÞE

WIMA
t'tT

IIT
tTf
tTf
tlT
ITI
ITT

tff

touF 20t 2sv ÞtP tANr

lO¡F 25% zsoy cER Dtsc

tonF ß% 2sov cER Drsc

rchF 2ol 2sy DrP TAN¡

DÉSC RIPT ION

IUF 2O/. 35V DIP TANT

luf 2o/" ,oov P1LYESTER

ionr *4 zsov c:e Dts.

to¡t 25y'. 25ov cER Þtsc
tO¡F 25% 2sov cEP Drsc

ßaoF ro/" soov cEp Dtsc

47pr 50/" sooy cER Þ,sc
o.5pF o.r7o soôv CÊR brsc

DATRON
PART No.

t50020
t5002 0
t50c | 6
I looo9
tot lo3
tolt03
tol l03
tolloS
rol lo3
l02tol
t02470
tÒ4þt7

DESIGNATOR

c93
c94
c95
ce6
c97
c9g
cæ
ctoo
cto,
CIOL
ct13
crô4

NOTES.
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MANUFACTURE R'S
PART No.

Bz\g8cto

tN 4 584
rN4r4g
tN4s8A
rN4s8Â

azygBclz
8zY8ßcrz

EzveSct:o'
HscHrôÕl / tñ6263
Hsc¡{root / wez6z
gB2t2

rN459A
ozv46- lV3
rN458A
rN4s8A

Bzl88,.,t2
8ZY88C 8Ve

rN4s8A
rN4-584

PRINCIPAL

MULLARD

FAIPCHILÞ

FAICCHILD

FAIQCHIID

FAIRCHILD

MULLARD

M ULLARD

MULLARD

HP

HP

MUITARD
FAIRCJ{'LÞ

MULTARD
FAIACHITD

FAIÊCTIILD

MULLARÞ

MUTLAßD

FAIQCH Itô
FAIRCHILD

DESCRIPIION

Nof 05€Þ
lov 100ñw zeNEP.
NOT USED

2Ø^A tzsv L[ si DroDÈ

T5mA 75v GP si DroDÊ

?oOnA t23V LL Si DroôÉ

¿ôôoA l?SV LL S¡ DroD€

l2t¡l MOaN TENEQ

r2y 40¿)-w zeñEP
NOT Us€D

toy 400ñw ZENEP

;i HOI CÁRPIEP DI'DE
i; HOf CA?PIÉP DIôDÉ

DUAL sOOÞF VAP.IC¡? D'oDÊ

200nA t2sV !l 5¡ ÞroDE

IVS 25Oaw ZENEP

2æÂA t2SV LL Si DloDÊ

2OÔNA I?SV tL S; DþDÊ
l?V 4.ØñW Z,ENEQ

)'le 446^v¡ ,rnr"
NOT USED

?OOóA ,25Y lL S¡. ÞloòÊ
ñOmA l25V LL si DroDE

DATRON
PART No.

2to,oo

2ôOôo8
200ôôl
200Òog
20Ooo8
2lol20
2tol20

2loIoo
220ÒtO
22õôr ô
220036
20ôoô8
2t30 I I
20C.c^08
20oôo8
zl Ot 2o
2t ooaz

2.ooõoA
2-OOOOA

DESIGNATOR

Þt

D2

D3

D4

D5

D'6

Þ7

Þa

DO

Dlo

Dtt

Þlz

Dt3

Dr4

Dl5

Þtc
9t7

Dt8

Dt9

Dð
D¿I

o2Z

D¿3
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No. UStD

Bct84C / Toß

e,c327 /Tot\

rcet+c lTora
z¡lsgú,lroß
z¡! lgoú I Totz
J

U3II4JF

zx 3go¿ / ¡otç,
zttsgoø /roß
Jsoq
UI899JF

PADtcrflNs,L'o cLse
l¡t 4148
rN4 r48
TVSsrS

pp'otoo/ txsurD cAsÊ

MANUF ACl UIìÉ R'S

PART No.

lN.4 sßÁ
rN¿58Á

N ATIOÑ

NATIONAL
Ê.LÊ

NATIONAL

NATIONA L

TELEDYNE

EDYNÊ

NALN

ÑATIôNAL

IELE

NATIONAL

FAIRCHILD

TÉLEÞYNÊ

FA IRCTIILD

FAIRCHILô
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